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(54) Liquid discharge head, head cartridge mounted on liquid discharge head and liquid 
discharge apparatus, and method for manufacturing liquid discharge head 



(57) A liquid discharge head at least comprises a 
discharge opening for discharging the liquid, a liquid 
flow channel in communication with the discharge open- 
ing and for supplying the liquid to the discharge opening, 
a substrate equipped with a heat generator for produc- 
ing a bubble in the liquid that is filled in the liquid flow 
channel, and a movable plate supported and fixed onto 
the substrate at a position of the substrate opposed to 



the heat generator and with a gap from the substrate, 
with a free end on the discharge opening side. The liquid 
discharge head can discharge the liquid from the dis- 
charge openings by forcing the free end of the movable 
plate to be displaced toward the discharge opening 
around a fulcrum portion made near a support and fixing 
portion of the movable plate with the substrate due to 
pressure caused by produced bubble. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a liquid , dis- 
charge head for use in the printer or video printer which 
is output terminal for the copying machine, facsimile ap- 
paratus, word processor or host computer, a manufac- 
turing method for said liquid discharge head, a head car- 
tridge having said liquid discharge head mounted ther- 
eon, and a liquid discharge apparatus. In particular, this 
invention relates to a liquid discharge head comprising 
a substrate formed with electrothermal converting ele- 
ments for producing heat energy for use as the energy 
for recording, which performs the recording by discharg- 
ing the recording liquid (ink or the like) as flying liquid 
droplets from the discharge openings (orifices) onto the 
recording medium, a manufacturing method for said liq- 
uid discharge head, a head cartridge having said liquid 
discharge head mounted thereon, and a liquid dis- 
charge apparatus. 

[0002] Note that the "recording" in this invention 
means applying the meaningful image such as charac- 
ters or figures, as well as the meaningless image such 
as patterns, onto the recording medium. 

Related Background Art 

[0003] An ink jet recording method or so-called bubble 
jet recording method has been conventionally well- 
known, which forms the image by applying the heat en- 
ergy to cause the state change accompanying rapid vol- 
ume change to occur in the ink and discharging the ink 
from the discharge openings using working force by this 
state change of ink. A recording apparatus relying on 
this bubble jet recording method is typically provided 
with discharge openings for discharging the ink, and ink 
flow channels in communication with these discharge 
openings, and heating elements (electrothermal con- 
verting elements) as energy generating means for dis- 
charging the ink disposed in the ink flow channels, as 
disclosed in U.S. Patent No. 4,723,129. 
[0004] With such recording method, the high quality 
image can be recorded at high speed and with low noise, 
and because the head for this recording method allows 
the discharge openings for discharging the ink to be ar- 
ranged at high density, there are many good advantages 
such as easily producing the recording image of high 
resolution, or further the color image, with small appa- 
ratus. Therefore, this bubble jet recording method has 
been recently utilized for many office equipments such 
as the printer, copying machine, facsimile apparatus, 
and further come into use for the industrial system such 
as printing machine. 

[0005] Development of this bubble jet technology into 
a variety of products has raised the following various de- 



mands in recent years. 

[0006] For example, examining the request to im- 
prove the energy efficiency includes regulating the thick- 
ness of protective film in the heating element. This ex- 
5 amination is effective in improving the efficiency of 
transferring the produced heat to liquid. 
[0007] In order to obtain the high quality image, there 
have been proposed the driving conditions to provide a 
liquid discharge method which is capable of discharging 
the ink excellently based on the stable production of 
bubbles, with high rate of discharging the ink, and from 
the viewpoint of high speed recording, the improved 
shape of liquid flow channels to obtain a liquid discharge 
head with high rate of filling the ink to be discharged into 
the liquid flow channels. 

[0008] Turning back to the principle of discharging the 
liquid, careful research has been made to provide a nov- 
el liquid discharge method using the bubbles that have 
been never obtained conventionally, and a head for use 
therewith, as proposed in Japanese Patent 

Application Laid-Open No. 9-201966. 

[0009] In the following, a conventional liquid dis- 
charge method and a head for use therewith as dis- 
closed in Japanese Patent Application Laid-Open No. 
9-201966 will be described with reference to Figs. 19A 
to 19D. Figs. 19A to 19D are views for explaining the 
discharge principle in a conventional liquid discharge 
head, or a cross-sectional view taken in a direction of 
liquid flow channels. Also, Fig. 20A is a perspective 
view, partially broken, of the liquid discharge head as 
shown in Figs. 19A to 19D. The liquid discharge head 
as shown in Figs. 19A to 19D is the most fundamental 
constitution for enhancing the discharge power or dis- 
charge efficiency by controlling the propagation direc- 
tion of pressure caused by bubble or the growth direc- 
tion of bubble in discharging the liquid. 
[001 0] Note that the "upstream" and "downstream" as 
used in the following description is expressed with re- 
spect to the flow direction of liquid passing from a liquid 
supply source via above a bubble producing region (or 
movable member) to the discharge openings, or this 
constitutional direction. 

[0011] The "downstream" in respect of a bubble itself 
is represented by the portion of bubble on the discharge 
opening side which is supposed to directly take effect in 
the discharging of liquid droplet. More specifically, it 
means the bubble produced in the heating element 
downstream in the flow direction as above or the con- 
stitutional direction relative to the center of bubble, or in 
the downstream region from its a real center. 
[0012] Furthermore, the "comb tooth" means the 
shape having the support of movable member as a com- 
mon member and its free end opened. 
[001 3] In an example of Figs. 1 9A to 1 9D, a liquid dis- 
charge head is provided with a heat generator 1102 for 
applying heat energy on the liquid, as the discharge en- 
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ergy generating element to discharge the liquid, on an 
element substrate 1101, a liquid flow channel 1103 be- 
ing disposed, corresponding to the heat generator 1102, 
above this element substrate 1101. The liquid flow chan- 
nel 1103 is in communication with a discharge opening 5 
1 1 04, as well as a common liquid chamber 1 1 05 for sup- 
plying the liquid to a plurality of liquid flow channels, from 
which the liquid in an amount "corresponding to the liquid 
discharged from the discharge opening 1104 is re- 
ceived. 

[0014] On the element substrate 1101 in this liquid 
flow channel, a planar movable plate 1 1 06 made of elas- 
tic material such as metal is provided opposed to the 
heat generator 1102 and in cantilever form. This mova- 
ble plate 1 1 06 is fixed at its one end to a plate base (sup- 
port member) 1107 formed by patterning photosensitive 
resin on a wall of the liquid flow channel 1103 or the el- 
ement substrate 1101. Thereby, the movable plate 1106 
is held on the plate base 1107, with a fulcrum (support 
portion) 1108. 

[0015] By making the movable plate 1106 like comb- 
tooth, it can be fabricated simply and easily, and the 
alignment for the plate base 1107 can be made easily. 
[001 6] This movable plate 1 1 06 is disposed at a posi- 
tion facing and covering the heat generator 1102, about 
15u.m away, so as to have the fulcrum (support portion: 
fixed end) 1108 upstream in the great flow passing from 
the common liquid chamber 1 1 05 via above the movable 
plate 1106 to the discharge opening 1104 by operation 
of discharging the liquid, and the free end downstream 
of this fulcrum 1108. A bubble producing region 1110 is 
between this heat generator 1 1 02 and the movable plate 
1106. 

[0017] By generating heat with the heat generator 
1102 and applying that heat on the liquid in the bubble 
producing region 1110 between the movable plate 1106 
and the heat generator 1102, a bubble 1111 is produced 
in that liquid, based on the film boiling phenomenon as 
described in U.S. Patent No. 4,723,129 (see Fig. 19B). 
The pressure caused by the produced bubble 1111 and 
the bubble 1111 will act predominantly on the movable 
plate 1106, to displace the movable plate 1106 around 
the fulcrum 1 1 08 to be open toward the discharge open- 
ing 1104, as shown in Figs. 19B, 19C or Figs. 20A and 
20B. By displacement of the movable plate 1106 or dis- 
placed state, the pressure caused by produced bubble 
1111 is propagated or the growth of bubble 1111 itself 
led to the discharge opening 1104. At this time, the top 
end portion of the free end 1109 has a width, which 
makes it easier to lead bubbling power of the bubble 
1111 to the discharge opening 1104, with the radical im- 
provements in the discharge efficiency of liquid droplet, 
discharge power or discharge rate. 
[0018] As above described, a technique as disclosed 
in Japanese Patent Application Laid-Open No. 
9-201966 is one in which the positional relation between 
the fulcrum of movable plate and the free end in the liq- 
uid channel is locating the free end on the discharge 



opening side or downstream, and the production of bub- 
ble is positively controlled by disposing the movable 
plate opposed to the heat generator or bubble producing 
region. 

[0019] Another example of a conventional liquid dis- 
charge head is shown in Fig. 20B. Each constitution of 
an element substrate 1201, a heat generator 1202, a 
liquid flow channel 1203, a discharge opening 1204, a 
common liquid chamber 1205 and a bubble producing 
region 1209 for the liquid discharge head as shown in 
Fig. 20B is the same as that of the liquid discharge head 
as shown in Fig. 20A, and the detailed explanation is 
omitted. 

[0020] In the liquid discharge head of this example, a 
step portion 1206a is provided at one end of a movable 
plate 1206 formed in cantilever form, the movable plate 
1206 being directly fixed onto the element substrate 
1201. Thereby, the movable plate 1206 is held on the 
element substrate 1201 to constitute a fulcrum (support 
portion) 1207, with a free end (free end portion) 1208 
provided downstream of this fulcrum 1207. 
[0021] As above described, there is a gap of about 1 
to 20 u-m between the movable plate and the heat gen- 
erator by providing a plate base or a step portion in the 
fixed portion of the movable plate, fully enhancing the 
liquid discharge efficiency by this movable plate. Ac- 
cordingly, the liquid discharge head based on the new- 
est discharge principle as above mentioned can take the 
synergetic effect between the produced bubble and the 
movable plate displaced thereby, discharging the liquid 
near the discharge openings efficiently. 
[0022] The present invention involves a main subject 
of enhancing the discharge performance radically with 
the method of discharging the liquid by forming the con- 
ventional bubble basically, or in particular the bubble ac- 
companied by film boiling, in the liquid flow channel, 
over the conventionally unexpected level. 
[0023] The present inventors have made careful re- 
search to provide a novel liquid droplet discharge meth- 
od using the bubble which has not been obtained con- 
ventionally, as well as a head for use with this method. 
Then, they have made a first technology analysis, start- 
ing from the operation of movable plate in the liquid flow 
channel, of analyzing the principle of mechanism of the 
movable plate in the liquid flow channel, a second tech- 
nology analysis starting from the liquid droplet discharge 
principle by bubbles, and further a third technology anal- 
ysis starting from the bubble formation region of the heat 
generator for forming the bubble, and by these analyses 
have established a quite new technology of controlling 
the bubbles positively in such a way that the positional 
relation between the fulcrum of movable plate and the 
free end is locating the free end on the discharge open- 
ing side or downstream, or by disposing the movable 
plate opposed to the heat generator or the bubble pro- 
ducing region. 

[0024] Taking into consideration the energy which the 
bubble itself gives to the amount of discharging, they 
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have attained a conclusion that the growth component 
of bubble downstream is considered to be a main factor 
for enhancing the discharge performance markedly. 
That is, it has been found that transforming the growth 
component of bubble downstream in the discharge di- 5 
rection efficiently brings about the improvement in the 
discharge efficiency or the discharge rate. 
[0025] Furthermore, it has also been found that it is 
preferable to take into account the structural element in 
the movable plate or liquid flow channel involving the 
growth of bubble downstream from the center line pass- 
ing through the areal center in the liquid flow direction 
the heat generating region for forming the bubble, for 
example, electrothermal converting element, or down- 
stream from the areal center in the face governing heat 
generation. 

[0026] On the other hand, it could be seen that by tak- 
ing into consideration the arrangement of movable plate 
and the structure of liquid supply passage, the refill rate 
can be greatly improved. 

SUMMARY OF THE INVENTION 

[0027] An object of the present invention is to provide 
a liquid discharge head which is highly reliable and sta- 
ble in the discharge performance in discharging the liq- 
uid using the displacement of a free end of a movable 
plate due to pressure caused by produced bubble, a 
head cartridge having said liquid discharge head mount- 
ed thereon, and a liquid discharge apparatus. Also, it is 
another object of the invention to provide a manufactur- 
ing method for a liquid discharge head which allows for- 
mation of the movable plates for said liquid discharge 
head at high precision and high density. 
[0028] An aspect of the present invention provides a 
liquid discharge head at least comprising a discharge 
opening for discharging the liquid, a liquid flow channel 
in communication with said discharge opening and for 
supplying said liquid to said discharge opening, a sub- 
strate equipped with a heat generator for producing a 
bubble in the liquid that is filled in the liquid flow channel, 
and a movable plate supported and fixed onto said sub- 
strate at a position of said substrate opposed to said 
heat generator and with a gap from said substrate, with 
a free end on the discharge opening side, said liquid dis- 
charge head discharging the liquid from the discharge 
openings by forcing the free end of said movable plate 
to be displaced toward said discharge opening around 
a fulcrum portion made near a support and fixing portion 
of said movable plate with said substrate due to pres- 
sure caused by produced bubble, wherein the movable 
members are characteristically formed in the film forma- 
tion process at least two times or more. 
[0029] In the liquid discharge head as above consti- 
tuted, the movable members are formed in the film for- 
mation process at least two times or more. As a result, 
the development of grains in each film formation proc- 
ess is blocked per process, and the links of grain bound- 



aries are cut off. Thus, for each of the movable mem- 
bers, the strength of the fulcrum thereof is enhanced to 
improve the durability in particular. It is preferable to use 
the material that contains silicon as the material thereof. 
More specifically, it is preferable to use silicon nitride, 
silicon oxide, or silicon carbide. 
[0030] Also, it is preferable to have an oxide thin film 
between each layer constituting said movable plate to 
suppress the grain growth of each layer of material con- 
taining silicone more effectively. As above described, 
the movable plate made of material containing silicone 
can be formed by plasma CVD. 

[0031] Further, the outer peripheral end face of the 
movable member may be in the form of saw teeth in the 
thickness direction of the movable member. 
[0032] In this respect, although described in the em- 
bodiments in detail later, one-time film formation proc- 
ess of the present invention is the film formation process 
where the density, composition, and the like of the film 
formed in each process are different on the substrate 
side thereof and on the side opposite thereto. For ex- 
ample, if the temperature changes are repeated several 
cycles in continuation in the CVD apparatus, it is as- 
sumed that one cycle portion thereof is the one-time film 
formation process. 

[0033] An aspect of the present invention provides a 
liquid discharge head, according to other embodiment, 
at least comprising a discharge opening for discharging 
the liquid, a liquid flow channel in communication with 
said discharge opening and for supplying said liquid to 
said discharge opening, a substrate equipped with a 
heat generator for producing a bubble in the liquid that 
is filled in the liquid flow channel, and a movable plate 
supported and fixed onto said substrate at a position of 
said substrate opposed to said heat generator and with 
a gap from said substrate, with a free end on the dis- 
charge opening side, said liquid discharge head dis- 
charging the liquid from the discharge openings by forc- 
ing the free end of said movable plate to be displaced 
toward said discharge opening around a fulcrum portion 
made near a support and fixing portion of said movable 
plate with said substrate due to pressure caused by pro- 
duced bubble, characterized in that the movable mem- 
ber is formed in a structure where three layers or more 
are laminated, each with a layer having different Young's 
modulus from the adjacent area. 
[0034] Here, the "layer" of the present invention is dif- 
ferent from the "film" formed in the aforesaid one-time 
film formation process, but it indicates the one whose 
density and composition is different from the adjacent 
layer. In this respect, the layer may present a definite 
separation from the adjacent one. However, the layer 
that does not show any definite separation from the ad- 
jacent layer is assumed to be included in the "layer" of 
the present invention. 

[0035] In accordance with the structure described 
above, the three layers or more are formed in a laminat- 
ed structure each having different Young's modules from 
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the adjacent area. Therefore, the growth of grain within 
the movable plate can be suppressed to cut off linkage 
of the grain boundary, providing the greater allowance 
of flexibility for the movable portion (particularly the ful- 
crum portion) accompanied with displacement of the 5 
movable plate, resulting in increased strength of the 
movable plate and more durability of the movable plate. 
[0036] Furthermore, it is preferred that said movable 
plate has such a structure that a layer made of a material 
having relatively low Young's modulus is sandwiched 
between the layers of a material having relatively high 
Young's modulus. 

[0037] In addition, the material having relatively low 
Young's modulus may be silicone oxide, and the mate- 
rial having relatively high Young's modulus may be sili- 
cone nitride or silicone carbide. Also, the alloy contain- 
ing aluminum may be Al-Cu, Al-Ni, Al-Cr, Al-Co, or Al- 
Fe. The plate base between the support and fixing por- 
tion of said movable plate and the substrate can provide 
the increased strength of connecting the support and fix- 
ing portion of the movable plate with the substrate is in- 
creased and the greater mechanical durability of the 
movable plate. 

[0038] Further, the material for the plate base may 
contain Ti, or tantalum. 

[0039] Also, in accordance with still another embodi- 
ment of the present invention, the liquid discharge head 
is provided with at least the discharge ports for discharg- 
ing liquid, the liquid flow paths communicated with the 
discharge ports for supplying the liquid to the discharge 
ports, the substrate provided with heat generating ele- 
ments for creating bubbles in the liquid filled in each of 
the liquid flow paths; and the movable members ar- 
ranged in the position facing the heat generating ele- 
ments on the substrate with a gap to it, and supported 
and fixed on the substrate with the free end thereof be- 
ing on the discharge port side, and this liquid discharge 
head discharges the liquid from the discharge ports by 
displacing the free end of the movable members to the 
discharge port side centering on the fulcrum structured 
near the supporting and fixing portion of the movable 
members with the substrate. For this head, the outer pe- 
ripheral end face of the movable member is in the form 
of saw teeth in the thickness direction of the movable 
member. 

[0040] Here, the phrase "in the form of saw teeth in 
the thickness direction" in the description of the present 
invention means the area and outer circumferential 
length of the section orthogonal to the thickness direc- 
tion of the movable member which are caused to change 
larger to smaller to larger in that order, respectively, for 
example. 

[0041] When ink flows in the nozzle by the develop- 
ment and extinction of the bubble created by the heat 
generating element to displace the movable member, 
turbulent occurs due to the outer peripheral end face of 
the saw teeth shape of the kind. As a result, even if ul- 
trafine bubbles are allowed to reside in each of the flow 



paths and the common liquid chamber, a turbulent of the 
kind acts to promote the discharge of such fine bubbles 
through each of the discharge ports, thus suppressing 
them to move toward the common liquid chamber side. 
[0042] Also, in accordance with still another embodi- 
ment of the present invention, the liquid discharge head 
is provided with at least the discharge ports for discharg- 
ing liquid, the liquid flow paths communicated with the 
discharge ports for supplying the liquid to the discharge 
ports, and the substrate provided with the heat gener- 
ating elements for creating bubbles in the liquid filled in 
each of the liquid flow paths; and the movable members 
arranged in the position facing the heat generating ele- 
ments on the substrate with a gap to it, and supported 
and fixed on the substrate with the free end thereof be- 
ing on the discharge port side, and this liquid discharge 
head discharges the liquid from the discharge ports by 
displacing the free end of the movable members to the 
discharge port side centering on the fulcrum structured 
near the supporting and fixing portion of the movable 
members with the substrate. For this head, the outer pe- 
ripheral end face of the movable member is in the form 
of saw teeth in the direction intersecting the thickness 
direction of the movable members. 
[0043] Here, the phrase "in the form of saw teeth in 
the direction intersecting the thickness direction" in the 
description of the present invention means the arbitrary 
outer circumferential section orthogonal to the thickness 
direction of the movable member, which is provided with 
fine irregular portions. 

[0044] For the structure described above, ink layer is 
present between fine gaps between the nozzle side 
wails and movable members, respectively. With the ink 
flow in each nozzle which takes place by the develop- 
ment and extinction of the bubble created by each heat 
generating element, each movable member is displaced 
vertically. At this juncture, slide stress acts upon the 
movable member. In order to enhance the response ca- 
pability of the movable member, there is a need for re- 
ducing this slide stress. However, since the ink layer is 
present in the fine gap between the nozzle side walls 
and each movable member, it becomes possible to re- 
duce the slid stress without spoiling the function of each 
movable member to suppress the ink flow to the back- 
ward side, hence improving the response capability of 
each movable member. 

[0045] Also, in accordance with still another embodi- 
ment of the present invention, the liquid discharge head 
is provided with at least the discharge ports for discharg- 
ing liquid, the liquid flow paths communicated with the 
discharge ports for supplying the liquid to the discharge 
ports, and the substrate provided with the heat gener- 
ating elements for creating bubbles in the liquid which 
is filled in each of the liquid flow paths, and the movable 
members arranged in the position facing the heat gen- 
erating elements on the substrate with a gap to it, and 
supported and fixed on the substrate with the free end 
thereof being on the discharge port side, and this liquid 



15 



20 



25 



30 



35 



40 



45 



50 



5 



9 EP 1 005 990 A2 10 



discharge head discharges the liquid from the discharge 
ports by displacing each free end of the movable mem- 
bers to the discharge port side centering on the fulcrum 
structured near the supporting and fixing portion of the 
movable members with the substrate. For this liquid dis- 
charge head, the density of the material that forms the 
movable members on the bonding area with the sub- 
strate is smaller than the density of the material that 
forms the movable members in other areas. 
[0046] Also, in accordance with still another embodi- 
ment of the present invention, the liquid discharge head 
is provided with at least the discharge ports for discharg- 
ing liquid, the liquid flow paths communicated with the 
discharge ports for supplying the liquid to the discharge 
ports, and the substrate provided with the heat gener- 
ating elements for creating bubbles in the liquid which 
is filled in each of the liquid flow paths, and the movable 
members arranged in the position facing the heat gen- 
erating elements on the substrate with a gap to it, and 
supported and fixed on the substrate with the free end 
thereof being on the discharge port side, and this liquid 
discharge head discharges the liquid from the discharge 
ports by displacing each free end of the movable mem- 
bers to the discharge port side centering on the fulcrum 
structured near the supporting and fixing portion of the 
movable members with the substrate. For this liquid dis- 
charge head, the pedestal portion is arranged between 
the supporting and fixing portion of the movable mem- 
bers and the substrate, and at the same time, the density 
of the material for the formation of the movable mem- 
bers in the bonding area with the pedestal portion is 
smaller than the density of the material for the formation 
of the movable members in the other area. 
[0047] With the structure as described above, the 
sparse region is formed on the bonding area with the 
substrate surface of the movable members (or the ped- 
estal portion), hence making it possible to suppressing 
the abrupt changes of stress when the movable mem- 
bers are formed. As a result, the bonding force becomes 
stronger between the movable members and the sub- 
strate surface (or the pedestal portion) on the bonding 
area. Then, when the free ends of the movable mem- 
bers are displaced by the pressure exerted by the cre- 
ation of bubbles for the utilization of discharging liquid, 
the discharge characteristics are stabilized for the pro- 
vision of a highly reliable liquid discharge head. 
[0048] A cartridge of the invention has the liquid dis- 
charge head of the invention and a liquid container for 
holding the liquid to be supplied to the liquid discharge 
head. 

[0049] A liquid discharge apparatus of the invention 
has the liquid discharge head of the invention and drive 
signal supplying means for supplying a drive signal to 
discharge the liquid from the liquid discharge head. 
[0050] Also, a manufacturing method of the liquid dis- 
charge head of the invention comprising a discharge 
opening for discharging the liquid, a liquid flow channel 
in communication with said discharge opening and for 



supplying said liquid to said discharge opening, a sub- 
strate equipped with a heat generator for producing a 
bubble in the liquid that is filled in the liquid flow channel, 
and a movable plate supported and fixed onto said sub- 
5 strate at a position of said substrate opposed to said 
heat generator and with a gap from said substrate, with 
a free end on the discharge opening side, said liquid dis- 
charge head discharging the liquid from the discharge 
openings by forcing the free end of said movable plate 
to be displaced toward said discharge opening around 
a fulcrum portion made near a support and fixing portion 
of said movable plate with said substrate due to pres- 
sure caused by produced bubble is characterized by in- 
cluding a process of building up a gap formation mem- 
ber for forming said gap on said substrate, a first step 
of forming film for use of the movable members for the 
film formation of the substrate portion becoming the 
movable members on the substrate and the gap forma- 
tion members, a second step of forming film for use of 
the movable members for the further film formation of 
the substrate portion becoming the movable members 
after the first step of forming the substrate film for use 
of the movable members, a process of forming said 
movable plate by patterning a base portion for said mov- 
able plate, and a process for removing said gap forma- 
tion member. 

[0051] By the manufacturing method as above, the 
movable plate superior in the durability can be fabricat- 
ed by providing several processes for forming the base 
portion for the movable plate. The material of the base 
portion for the movable plate desirably contains silicone, 
and specifically, may be silicone nitride, silicone oxide 
or silicone carbide. 

[0052] Also, in layering the material containing sili- 
cone, an oxide film is formed on the surface of the ma- 
terial containing silicone, and a next layer is formed on 
this oxide thin film, suppressing the grain growth be- 
tween each layer owing to the oxide thin film, resulting 
in greater durability of the movable plate. Such oxide 
thin film can be formed by leaving away the substrate in 
the atmosphere after forming the layer of the material 
containing silicone in vacuum, and particularly, the layer 
of the material containing silicone can be formed by 
plasma CVD. 

[0053] Furthermore, the gap formation member may 
be formed by sputtering aluminum or aluminum alloy, 
and removed by wet etching with a mixture liquid of ace- 
tic acid, nitric acid, and hydrochloric acid. Thereby, the 
peripheral end face of the movable plate can be made 
the saw-tooth configuration. 

[0054] Another manufacturing method of the liquid 
discharge head of the invention comprising a discharge 
opening for discharging the liquid, a liquid flow channel 
in communication with said discharge opening and for 
supplying said liquid to said discharge opening, a sub- 
strate equipped with a heat generator for producing a 
bubble in the liquid that is filled in the liquid flow channel, 
and a movable plate supported and fixed onto said sub- 
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strate at a position of said substrate opposed to said 
heat generator and with a gap from said substrate, with 
a free end on the discharge opening side, said liquid dis- 
charge head discharging the liquid from the discharge 
openings by forcing the free end of said movable plate 5 
to be displaced toward said discharge opening around 
a fulcrum portion made near a support and fixing portion 
of said movable plate with said substrate due to pres- 
sure caused by produced bubble is characterized by in- 
cluding a process of forming a pad protective layer for 
protecting a pad for electrical connection on said sub- 
strate, a process of forming a gap formation member for 
forming said gap on said substrate and said pad protec- 
tive layer, a process of laminating layers each having 
different Young's modulus from the adjacent area in 
three or more layers, forming a movable plate base por- 
tion which serves as the movable plate on said sub- 
strate, said pad protective layer and said gap formation 
member, a process of forming said movable plate by 
patterning said movable plate base portion, a process 
for removing said gap formation member, and a process 
of removing an exposed portion of said pad protective 
layer. 

[0055] Thereby, the liquid discharge head can be fab- 
ricated with increased allowance for flexibility of the 
movable portion (particularly fulcrum portion) accompa- 
nied with the displacement of the movable plate, which 
provides the greater strength of the movable plate and 
enhanced durability of the movable plate. 
[0056] Further, the process of forming the movable 
plate by patterning the movable plate base portion pref- 
erably includes a subprocess of forming a structure in 
which the layer having relatively low Young's modulus 
is sandwiched between the layers having relatively high 
Young's modulus. 

[0057] Also, in accordance with still another embodi- 
ment of the present invention, a method for manufactur- 
ing a liquid discharge head, which is provided with dis- 
charge ports for discharging liquid; liquid flow paths 
communicated with the discharge ports for supplying 
the liquid to the discharge ports; the substrate provided 
with the heat generating elements for creating bubbles 
in the liquid filled in each of the liquid flow paths; and 
movable members arranged in the position facing the 
heat generating elements on the substrate with a gap 
thereto, and supported and fixed on the substrate with 
the free end thereof being on the discharge port side, 
and the liquid being discharged from the discharge ports 
by displacing the free end of the movable members to 
the discharge port side centering on the fulcrum struc- 
tured near the supporting and fixing portion of the mov- 
able members with the substrate, comprises the steps 
of: forming the pad protection layer on the substrate to 
protect pads for use of electrical connection; forming the 
gap formation members on the substrate and the pad 
protection layer for the formation of the gap; forming the 
substrate portion for use of the movable members be- 
coming the movable members on the pedestal portion, 



the pad protection layer, and the gap formation mem- 
bers so as to make the density of material for the forma- 
tion of the movable members smaller in the bonding ar- 
ea with the pedestal portion than the density of material 
for the formation of the movable members in the other 
area; forming the movable members by patterning the 
substrate portion for use of the movable members; re- 
moving the gap formation members; and removing the 
exposed portion of the pad protection layer. 
[0058] Further, in accordance with still another em- 
bodiment of the present invention, a method for manu- 
facturing a liquid discharge head, which is provided with 
discharge ports for discharging liquid; liquid flow paths 
communicated with the discharge ports for supplying 
the liquid to the discharge ports; the substrate provided 
with the heat generating elements for creating bubbles 
in the liquid filled in each of the liquid flow paths; and 
movable members arranged in the position facing the 
heat generating elements on the substrate with a gap 
thereto, and supported and fixed on the substrate with 
the free end thereof being on the discharge port side, 
and the liquid being discharged from the discharge ports 
by displacing the free end of the movable members to 
the discharge port side centering on the fulcrum struc- 
tured near the supporting and fixing portion of the mov- 
able members with the substrate, comprises the steps 
of forming the pad protection layer on the substrate to 
protect pads for use of electrical connection; forming the 
pedestal portion to be arranged between the supporting 
and fixing portion of the movable members and the sub- 
strate; forming the gap formation members on the sub- 
strate and the pad protection layer for the formation of 
the gap; forming the substrate portion for use of the mov- 
able members becoming the movable members on the 
pedestal portion, the pad protection layer, and the gap 
formation members so as to make the density of mate- 
rial for the formation of the movable members smaller 
in the bonding area with the substrate than the density 
of material for the formation of the movable members in 
the other area; forming the movable members by pat- 
terning the substrate portion for use of the movable 
members; removing the gap formation members; and 
removing the exposed portion of the pad protection lay- 
er. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0059] Fig. 1 is a cross-sectional view of a portion cor- 
responding to an ink passageway on a substrate for a 
liquid discharge head according to the present inven- 
tion. 

[0060] Fig. 2 is a typical cross-sectional view of the 
main elements on the substrate for the liquid discharge 
head, taken longitudinally. 

[0061] Fig. 3 is a cross-sectional view of the liquid dis- 
charge head in a first embodiment of the invention, tak- 
en along the liquid flow direction. 
[0062] Figs. 4A, 4B, 4C, 4D and 4E are cross-section- 
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a I views of an element substrate taken along the ar- 
rangement of a plurality of movable plates. 
[0063] Figs. 5A, 5B, 5C, 5D and 5E are cross-section- 
al views of the element substrate taken along the length 
of movable plate. 5 
[0064] Figs. 6A, 6B and 6C are typical explanatory 
views for explaining the film formation process of an SiN 
film constituting the movable plate in the first embodi- 
ment of this invention. 

[0065] Figs. 7A, 7B, 7C and 7D are views for explain- 
ing the film formation process of an SiN film constituting 
the movable plate in the first embodiment of this inven- 
tion, and the movable plate formed after film formation 
process. 

[0066] Fig. 8 is a cross-sectional view of the liquid dis- 
charge head in a second embodiment of the present in- 
vention, taken in the liquid flow direction. 
[0067] Figs. 9A, 9B and 9C are typical explanatory 
views for explaining the film formation process of an SiN 
film constituting the movable plate in the second embod- 
iment of this invention. 

[0068] Figs. 10A, 10B, 10C, 10D, 10E, 10F, 10G and 
10H are views for explaining the film formation process 
of an SiN film constituting the movable plate in the sec- 
ond embodiment of this invention, and the movable 
plate formed after film formation process. 
[0069] Figs. 11 A, 11 B, 11 C, 11 D and 11 E are views 
showing a third embodiment of a manufacturing method 
for the movable plate of the liquid discharge head as 
shown in Fig. 3. 

[0070] Fig. 1 2 is a perspective view showing a part of 
the liquid discharge head in the third embodiment of this 
invention. 

[0071] Fig. 1 3 is a perspective view showing a part of 
the liquid discharge head in the third embodiment of this 
invention. 

[0072] Figs. 1 4A, 1 4B and 1 4C are typical explanatory 
views for explaining the film formation process of an SiN 
film constituting the movable plate in a fourth embodi- 
ment of this invention. 

[0073] Figs. 1 5A, 1 5B and 1 5C are explanatory views 
on the film formation process of an SiN film constituting 
the movable plate in the fourth embodiment of this in- 
vention. 

[0074] Figs. 16A, 16B, 16C, 16D and 16E are explan- 
atory views on the film formation process of an SiN film 
constituting the movable plate in a fifth embodiment of 
this invention. 

[0075] Fig. 17 is a typical exploded view of a liquid 
discharge head cartridge having the liquid discharge 
head mounted thereon. 

[0076] Fig. 18 is a schematic perspective view illus- 
trating an ink jet recording apparatus onto which the liq- 
uid discharge head of this embodiment can be mounted. 
[0077] Figs. 19A, 19B, 19C and 19D are views for, 
explaining the discharge principle in the conventional 
liquid discharge head. 

[0078] Figs. 20A and 20B are cross-sectional views 
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illustrating the conventional liquid discharge head. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0079] The preferred embodiments of the present in- 
vention will be described below with reference to the 
drawings. 

[0080] Fig. 1 is a cross-sectional view of a portion cor- 
responding to an ink passageway on a substrate for a 
liquid discharge head substrate according to the present 
invention. In Fig. 1, numeral 101 represents a silicone 
substrate, and numeral 102 represents a thermal oxide 
film which is a heat reserving layer. Numeral 103 repre- 
sents an Si0 2 film or Si 3 N 4 film which is an interlayer 
film also used as the heat reserving layer, numeral 1 04 
represents a resistive layer, numeral 105 represents 
represents an Al alloy wiring made of Al, Al-Si or Al-Cu, 
and numeral 106 represents an Si0 2 film or Si 3 N 4 film 
which is a protective film. Numeral 107 represents an 
anti-cavitation film for keeping the protective film 106 
from chemical or physical impact by heating of the re- 
sistive layer 104. Numeral 108 represents a heat acting 
portion for the resistive layer 104 in a region where the 
electrode wiring 105 is not formed. These driving ele- 
ments are formed on an Si substrate by semiconductor 
technology, and the heat acting portion is further formed 
on the same substrate. 

[0081] Fig. 2 is a typical cross-sectional view of a sub- 
strate for the liquid discharge head, taken along the 
main elements longitudinally. On an Si substrate 401 of 
P-type electric conductor, an N-type well region 402 and 
P-Mos 450 are made, and a P-type well region 403 and 
N-Mos 451 are made by impurity introduction such as 
ion implantation and diffusion, using a general Mos 
process. P-Mos 450 and N-Mos 451 are each constitut- 
ed of a gate wiring 415 of poly-Si which is deposited 
4000 A to 5000 A thick by CVD, a source region 405 into 
which N-type or P-type impurities are introduced, and a 
drain region 406, via a gate insulating film 408 several 
hundreds A thick, C-Mos logic being constituted by 
these P-Mos and N-Mos. 

[0082] Also, an element driving N-Mos transistor is 
constituted of a drain region 411, a source region 412 
and a gate wiring 413 on a P-well substrate which are 
made by impurity introduction and diffusion process. 
[0083] While the constitution of N-Mos transistor is ex- 
emplified in this embodiment, it should be noted that oth- 
er transistors may be also used as long as they have 
the capability of driving a plurality of heating elements 
individually and the function of implementing the fine 
structure as above mentioned. 

[0084] These elements are separated from each oth- 
er by an oxide film separation region 453 formed 500 A 
to 10000 A thick by field oxidation. This field oxide film 
acts as a heat reserving layer 414 which is the first layer 
under the heat acting portion 108. 
[0085] After forming each element, an interlayer insu- 
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lating film 41 6 is deposited about 7000 A thick as a PSG 
(Phospho-Silicate Glass) or BPSG (Boron-doped Phos- 
pho-Silicate Glass) film by CVD, the flattening is made 
by heat treatment, and the wiring is made via a contact 
hole with an Al electrode 417 which is the first wiring 5 
layer. Thereafter, an interiayer insulating film 418 such 
as an Si0 2 film is deposited 10000 A to 15000 A thick 
by plasma CVD, and further a resistive layer 104 is 
formed as a TaN 0 . 8> hex film about 1000 A thick via a 
through hole by DC sputtering. Thereafter, a second wir- 
ing layer Al electrode which is the wiring to each heat 
generator is formed. 

[0086] Then, an Si 3 N 4 film as a protective film 106 is 
made about 10000 A thick by plasma CVD. On the top 
layer, an anti-cavitation film 1 07 is deposited about 2500 
A thick with Ta. 

[0087] Each embodiment of a liquid discharge record- 
ing head and a manufacturing method therefor accord- 
ing to the present invention will be described below with 
reference to Figs. 3, 4A to 4E, 5A to 5E, 6A to 6C, 7A 
to 7D, 8, 9Ato 9C, 10Ato10H and 11 A to 11 E. 

(First embodiment) 

[0088] Fig. 3 is a cross-sectional view of one embod- 
iment of a liquid discharge head according to the present 
invention, taken in the liquid flow direction. 
[0089] The liquid discharge head of this embodiment 
is provided with a heat generator 2 which applies heat 
energy on the liquid, as a discharge energy generating 
element for discharging the liquid, on a smooth element 
substrate 1 , a liquid flow channel 10 being disposed cor- 
responding to the heat generator 2 on the element sub- 
strate 1. The liquid flow channel 10 is in communication 
with a discharge opening 18 which is formed on an ori- 
fice plate 51, as well as a common liquid chamber 13 
for supplying the liquid to a plurality of liquid flow chan- 
nels 10, to receive the liquid in an amount corresponding 
to the liquid discharged from the discharge opening 18 
from this common liquid chamber 1 3. Numeral M repre- 
sents a meniscus which the discharged liquid forms, the 
meniscus M being well-balanced near the discharge 
opening 18 against an internal pressure of the common 
liquid chamber 13 which is normally a negative pres- 
sure, by capillary force produced by the discharge open- 
ing 18 and an inner wall of the liquid flow channel 10 in 
communication therewith. 

[0090] The liquid flow channel 10 is constituted by 
bonding between the element substrate 1 having the 
heat generator 2 and a ceiling plate 50, and in the neigh- 
boring region of a face where the heat generator 2 
makes contact with the discharge liquid, there is a bub- 
ble producing region 11 for producing a bubble in the 
discharge liquid when the heat generator 2 is rapidly 
heated. This bubble producing region 11 is disposed in 
the liquid flow channel 1 0 with a gap so that at least one 
part of a movable plate 31 is opposed to the heat gen- 
erator 2. This movable plate 31 is supported and fixed 



on the element substrate 1 , with a free end 32 placed 
downstream toward the discharge opening 18, and a ful- 
crum 33 upstream. Particularly in this embodiment, in 
order to suppress the growth of half bubble upstream 
which may have effect on the back wave and inertia 
force of the liquid to the upstream side, the free end 32 
is disposed substantially in the center of the bubble pro- 
ducing region 11 . And the free end of the movable plate 
31 is displaceable around the fulcrum 33 toward the dis- 
charge opening 18, along with the growth of a bubble 
produced in the bubble producing region 11. 
[0091] A stopper (regulating portion) 64 is located up- 
ward and centrally of the bubble producing region 11, 
regulating the displacement of the movable plate 31 
within a certain range to suppress the growth of half bub- 
ble upstream. The stopper 64 is formed by partly reduc- 
ing the distance from the movable plate 31 in the liquid 
flow channel 10. In the flow from the common liquid 
chamber 1 3 to the discharge opening 1 8, a low flow pas- 
sage resistance region 65 having a lower flow resist- 
ance than the liquid flow channel 10 is provided up- 
stream from the stopper 64. The flow passage structure 
in this region 65 is reduced in flow resistance from the 
flow passage upon movement of the liquid, because of 
no upper wall or a larger cross section of flow passage. 
[0092] A manufacturing method for the movable plate 
of the liquid discharge head in this embodiment will be 
described below with reference to Figs. 4 A to 4E and 
5A to 5E. Figs. 4A to 4E and 5A to 5E are views showing 
a manufacturing process of the movable plate in the liq- 
uid discharge head as shown in Fig. 3, wherein Figs. 4A 
to 4E are cross-sectional views of the element substrate 
taken along the arrangement of a plurality of movable 
plates, and Figs. 5A to 5E are cross-sectional views of 
the element substrate taken along the length of the mov- 
able plate. Note that Figs. 4A to 4E correspond to Figs. 
5A to 5E, respectively. 

[0093] Firstly, as shown in Fig. 4A and Fig. 5A, a TiW 
film 201 as a pad protective layer to protect a pad portion 
for electrical connection is made about 2000 A thick all 
over the element substrate 1 by sputtering. 
[0094] Then, as shown in Fig. 4B and Fig. 5B, an Al 
film 202 which is a gap formation member between the 
heat generator 2 and the movable member 31 is made 
about 5 ^m thick on the TiW film 201 by sputtering, and 
patterned by well-known photolithography process. 
Note that the constitutional materials for the gap forma- 
tion member include aluminum alloys such as Al-Cu, Al- 
Ni, Al-Cr, Al-Co and Al-Fe, in addition to Al as above 
mentioned. 

[0095] Thereafter, as shown in Fig. 4C and Fig. 5C, 
an SiN film 203 as a movable plate base portion which 
is the movable plate 31 is made about 5 u.m thick on the 
Al film 202 and the TiW film 201 by plasma CVD. 
[0096] Then, in order to form a comb-tooth shaped 
movable portion and a support and fixing portion from 
the SiN film 203, the SiN film 203 is patterned by pho- 
tolithography process, and etching is performed with the 
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Al film 202 as an etching stop layer, as shown in Fig. 4D 
and Fig. 5D. Thereby, the element substrate 1 is not 
etched, but only the SiN film 203 is etched, its comb- 
tooth portion becoming the movable plate 31. 
[0097] Finally, the Al film 202 is subjected to wet etch- 
ing, using a mixture liquid of acetic acid, phosphoric acid 
and nitric acid, and removed, and an exposed portion of 
the TiW film 201 which is the pad protective layer is re- 
moved, using hydrogen peroxide. As a result, as shown 
in Fig. 4E and Fig. 5E, the movable plate 31 for the liquid 
discharge head is formed having a step portion as the 
fixing part to the element substrate 1 and a gap from the 
heat generator 2 in the movable portion. 
[0098] Here, in accordance with the present embodi- 
ment, the material of each layer that forms the movable 
members contain the same chemical element to be de- 
scribed later. In the manufacturing process of the mov- 
able members, therefore, the etching rate of the releas- 
ing solution (the mixed acid of acetic acid, phosphoric 
acid, and nitric acid for the present embodiment) be- 
comes extremely great (to almost infinity) when remov- 
ing the Al film serving as the sacrifice layer (gap forma- 
tion members). As a result, the large-scale production 
capability is enhanced, and at the same time, the pro- 
duction yield is increased, hence making it easier to pro- 
vide liquid discharge heads with a smaller product dis- 
persion. 

[0099] And, after forming the movable plate 3 1 on the 
element substrate 1 as above described, the ceiling 
plate 50 formed with the liquid flow channel 10 and the 
common liquid chamber 13 is bonded on the element 
substrate 1 , and the orifice plate 51 formed with the dis- 
charge opening 18 is also bonded thereto, as shown in 
Fig. 3, to obtain the liquid discharge head. 
[01 00] Herein, a film formation process of the SiN film 
203 which is the movable plate 6 will be further de- 
scribed in detail with reference to Figs. 6A to 6C and 
Figs. 7A to 7D. Figs. 6A to 6C are views which schemat- 
ically illustrate the film formation process of the SiN film 
for the substrate portion for use of the movable mem- 
bers, which constitutes the movable members. Figs. 7A 
to 7D are cross-sectional views which schematically il- 
lustrate the principal part of a movable member in the 
manufacturing process shown in Figs. 6A to 6C. In this 
respect, Figs. 6A to 6C correspond to Figs. 7A to 7C, 
respectively. 

[0101] For the present embodiment, the lamination of 
the film formation of SiN film 203 is divided and carried 
out five times by use of the plasma CVD. 
[0102] At first, as shown Fig. 6A and Fig. 7A, the ele- 
mental substrate 1 having the Al film 202 formed on the 
surface thereof (which is formed on the wafer 750 in 
many numbers) is inserted into the insertion inlet 730 of 
the cassette of the plasma CVD device 700 (see an ar- 
row (1) in Fig. 6A). Then, using the transfer device 720 
or the like the elemental substrate 1 is transferred into 
the first reaction chamber 705 of the plasma CVD device 
700 (see an arrow (2) in Fig. 6A). In the reaction cham- 



ber 705, the first p-SiN film 203a is formed on the ele- 
mental substrate 1 in a thickness of approximately 1 .0 
urn (see an arrow (3) in Fig. 6A. After that, using the 
transfer device 720 or the like in the device the elemen- 

5 tal substrate 1 is transferred from the first reaction cham- 
ber to the second chamber 710 without allowing it to be 
exposed to the air outside (see the arrow (3) in Fig. 6A). 
In this reaction chamber 710, the first p-Si0 2 film 203b 
is formed on the first p-SiN film 203a in a thickness of 

10 approximately 0.5 urn as shown in Fig. 7A. 

[0103] Then, using transfer means 720 or the like the 
wafer 750 is transferred again from the second reaction 
chamber 710 to the first reaction chamber 705 without 
allowing it to be exposed to the air outside (see an arrow 

15 (4) in Fig. 6B), thus forming the first p-SiN film 203a in 
a thickness of approximately 1.0 urn. After that, in the 
same process as shown in Fig. 7A, the wafer 750 is 
transferred again by use of the transfer means 720 or 
the like from the first reaction chamber 705 to the second 

20 reaction chamber 710 without allowing it to be exposed 
to the air outside (see an arrow (5) in Fig. 6B). The same 
film formation process is repeated, and as shown in Fig. 
7B, the second p-SiN film 203c and the second p-Si0 2 
film 203d are formed on the first p-Si0 2 film 203b. 

25 [0104] Lastly, again using transfer means 720 or the 
like the wafer 750 is again transferred from the second 
reaction chamber 710 to the first reaction chamber 705 
without touching it (see an arrow (6) in Fig. 6C). When 
the third p-SiN film 203e is formed on the second p-Si0 2 

30 film 203d, the SiN film 203 is formed in a five-layer struc- 
ture as shown in Fig. 7C. After that, the wafer 750 having 
the elemental substrate 1 is withdrawn from the first re- 
action chamber 705 by use of the transfer means 720 
(see an arrow (7) in Fig. 6C), and then, it is withdrawn 

35 from the cassette insertion inlet 730 of the plasma CVD 
apparatus 700 (see the arrow (1) in Fig. 6A). 
[0105] By layering the SiN film having relatively high 
Young's modulus and forming the Si0 2 film having rel- 
atively low Young's modulus between the SiN films, as 

40 above described, the grain growth within the SiN film 
can be suppressed to cut off linkage of the grain bound- 
ary, resulting in the increased allowance for flexibility of 
the movable portion accompanied with the displace- 
ment of the movable plate, the movable plate having 

45 greater strength and more durability. Note that the ma- 
terials having relatively high Young's modulus may in- 
clude silicone carbide, in addition to SiN as above cited. 
[01 06] Fig. 7D is a cross-sectional view schematically 
showing the movable member formed by etching the 

so SiN film 203 and removing the Al film 202 on the ele- 
mental substrate 1 after the formation process shown in 
Fig. 7A to 7C. Here, when etching the SiN film 203 and 
removing the Al film 202 on the elemental substrate 1 , 
the outer peripheral portion 31a of the movable member 

55 31 is configured in the form of saw teeth as shown in 
Fig. 7D due to the etching rate between the SiN film and 
Si0 2 film by use of the etching gas and etching solution. 
Here, since Fig. 7D is a cross-sectional view, the saw 
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teeth portion is represented only on the free end side of 
the movable member. In accordance with the present 
embodiment, the etching rate of the SiN film and Si0 2 
film is approximately 1 : 2 against the etching gas. 
Therefore, as shown in Fig. 7D, Si0 2 film forms the re- 
cessed portion with respect to the SiN film. In accord- 
ance with the present embodiment, the depth At thereof 
is At = approximately 1 .0 urn. 

[0107] As described above, in accordance with the 
present embodiment, the sectional area orthogonal to 
the thickness direction of the movable member and the 
length of the outer circumference of the movable mem- 
ber are allowed to change from the large (the first p-SiN 
film) to the small (the first p-Si0 2 film) to the large (the 
second p-SiN film) to the small (the second p-Si0 2 film) 
to the large (the third p-SiN film). (In the specification 
hereof, the configuration in which the sectional area or- 
thogonal to the thickness direction of the movable mem- 
ber and the length of the outer are caused to change in 
this manner is expressed as "to be in the form of saw 
teeth in the thickness direction".) 
[0108] With the formation of such saw teeth as this, 
turbulence occurs by the outer peripheral end face of 
the saw teeth shape when the movable member is dis- 
placed by the development and extinction of the bubble 
created by the heat generating element. As a result, the 
ultrafine bubbles that may reside in. the liquid flow path 
and the common liquid chamber are discharged through 
the discharge port, thus acting to suppress the move- 
ment thereof toward the common liquid chamber side. 
[0109] Further, with the saw teeth formation on the 
outer circumference of the movable member as in the 
present embodiment, the bending robustness and twist- 
ing robustness are increased in the direction of free end 
of the of the flat plate type movable member which 
presents the same thickness. As a result, the movable 
member whose outer circumference is formed in the 
saw teeth can be made thinner than the movable mem- 
ber formed by the flat plate having the same robustness, 
and advantageously, it has excellent hydraulic power. In 
other words, with the formation of such saw teeth as de- 
scribed here, it becomes easier for the leading end por- 
tion of the movable member to be more supple than oth- 
er portions when ink flows in the nozzle by the develop- 
ment and extinction of the bubble created by the heat 
generating element. Therefore, the response of the 
movable member becomes faster when being displaced 
vertically to make the resultant speed of ink faster in re- 
turning to the nozzle leading end and onto the heat gen- 
erating element as well. 

[0110] In order to form the outer circumference in the 
saw teeth, the material of each layer should only be in 
combination so as to create the difference in etching rate 
with respect to the fluorine gas in the dry etching process 
using the fluorine gas or the like, for example. As the 
combination with SiN, it may be possible to use SiC, 
amorphous silicon, SiGe, SiO, or the like. 
[0111] In accordance with the present embodiment, 



allowance is increased as to the suppleness of the mov- 
able portion (particularly, the fulcrum) along with the dis- 
placement of the movable member so as to enhance the 
strength of the movable member, hence making it pos- 

5 sible to improve the durability of the movable member. 
[0112] While the SiN film 203 is constructed of five lay- 
ers in the above example, it should be understood that 
the SiN film may not be necessarily a five-layer structure 
in order to obtain such effect. 

10 [0113] For example, between two-layered SiN film 
layers, there is provided at least a three-layered struc- 
ture which is made by the Si0 2 film layer formed with 
different Young's modulus form those SiN films, or the 
like, or it should be good enough if only the structure is 

15 formed in lamination of three layers or more each having 
different Young's modulus from the adjacent area. In this 
case, the SiN film is formed in a thickness of approxi- 
mately 5 urn. 

[0114] In the respect, the aforesaid effect is obtaina- 
20 ble by use of some other metal, but not necessarily the 
material that contains silicon as in the present embodi- 
ment. However, with the same chemical element in each 
of the layers as the present embodiment, it becomes 
possible to enhance the close contactness of layers 
25 themselves, respectively. This arrangement of the same 
chemical element is more desirable, because then there 
is no fear that the layers are not caused to be peeled off 
from each other while the movable member is in use. 
Also, as more desirable mode, the movable member 
30 should be structured so that the layer, which is formed 
by the material having comparatively low Young's mod- 
ulus, is placed between the layers formed by the mate- 
rial having comparatively high Young's modulus. 



[0115] Fig. 8 is a cross-sectional View of the second 
embodiment of a liquid discharge head according to the 
present invention taken in the liquid flow direction. 

40 [0116] As shown in Fig. 8, this liquid discharge head 
has an element substrate 1 on which a plurality of heat 
generators 2 (only one is shown in Fig. 8) for generating 
heat energy to produce a bubble in the liquid are ar- 
ranged in parallel, a ceiling plate 3 bonded on this ele- 

45 ment substrate 1 , and an orifice plate 4 which is bonded 
on the front end faces of the element substrate 1 and 
the ceiling plate 3. The element substrate 1 is one in 
which a silicone oxide film or silicone nitride film is made 
on the substrate made of silicone, for the purposes of 

50 insulation and heat reservation, and an electrical resis- 
tive layer and a wiring electrode which constitute a heat 
generator 2 is patterned thereon. More particularly, it 
has the structure as shown in Fig. 1 , the heat acting por- 
tion 108 of Fig. 1 corresponding to the heat generator 

55 2. A voltage is applied from this wiring electrode to the 
electrical resistive layer, to pass a current through the 
electrical resistive layer so that the heat generator 2 
generates the heat. 



35 (Second embodiment) 
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[0117] The ceiling plate 3 constitutes a plurality of liq- 
uid flow channels 7 corresponding to the heat genera- 
tors 2 and a common liquid chamber 8 for supplying the 
liquid to each liquid flow channel 7, and is integrally pro- 
vided with a flow passage side wall 9 extending from the 
ceiling plate portion to each heat generator 2. The ceil- 
ing plate 3 which is made of silicone-type material can 
be formed by etching a portion of the liquid flow channel 

7, after forming the pattern of the common liquid cham- 
ber 9 by etching, and depositing a material such as sil- 
icone nitride or silicone oxide for the flow passage side 
wall 9 on the silicone substrate by a well-known film for- 
mation method such as CVD. 

[0118] The orifice plate 4 is formed with a plurality of 
discharge openings 5, each of which corresponds to 
each liquid flow channel 7, and communicates to the 
common liquid chamber 8 via the liquid flow channel 7. 
The orifice plate 4 which is also made of silicone-type 
material can be made by, for example, planing a silicone 
substrate formed with the discharge openings 5 in a 
thickness of about 10 to 150 urn. Note that the orifice 
plate 4 does not have to be required for the present in- 
vention, but instead of providing the orifice plate 4, the 
ceiling plate with the discharge openings can be provid- 
ed in such a way as to leave behind a wall corresponding 
to the thickness of the orifice plate 4 at a top end face 
of the ceiling plate 3, in forming the liquid flow passages 
7 on the ceiling plate 3, and form the discharge openings 
5 through this wall. 

[0119] Further, this liquid discharge head is provided 
with a cantilevered movable plate 6 disposed facing the 
heat generator 2 and directly fixed onto the element sub- 
strate 1 . The movable plate 6 is a thin film made of sili- 
cone-type material such as silicone nitride, silicone ox- 
ide or silicone carbide. 

[01 20] This movable plate 6 is supported and fixed on- 
to the element substrate 1 , upstream in the main flow 
passing from the common liquid chamber 8 via above 
the movable plate 6 to the discharge opening 5, to con- 
stitute a fulcrum 6a. Further, a free end 6b is disposed 
at a position facing the heat generator 2 and centrally 
thereof, with a predetermined distance away from the 
heat generator 2, to have the free end 6b downstream 
from this fulcrum 6a. The movable plate 6 of this em- 
bodiment has a curved-face portion around the fulcrum 
6a. A bubble producing region 11 is provided between 
this heat generator 2 and the movable plate 6. 
[0121] Based on the above constitution, if the heat 
generator 2 is heated, the liquid in the bubble producing 
region 11 between the movable plate 6 and the heat 
generator 2 is subjected to heat, so that a bubble is pro- 
duced and grown on the heat generator 2, owing to film 
boiling phenomenon. A pressure caused by the growth 
of this bubble acts predominantly on the movable plate 
6, the free end 6b of the movable plate 6 being displaced 
around the fulcrum 6a to be widely open toward the dis- 
charge opening 5, as indicated by the broken line in Fig. 

8. Owing to the displacement of the movable plate 6, or 
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its displaced state, the propagation of the pressure 
caused by produced bubble or the growth of bubble itself 
can be led toward the discharge opening 5, so that the 
liquid is discharged from the discharge opening 5. 
5 [0122] That is, by providing the movable plate 6 hav- 
ing the fulcrum 6a upstream (on the side of common liq- 
uid chamber 8) in the flow of liquid within the liquid flow 
channel 7 on the bubble producing region 11 and the 
free end 6b downstream (on the side of discharge open- 
ing 5), the bubble pressure propagation can be led 
downstream, so that bubble pressure can contribute to 
discharging directly and efficiently. And the bubble 
growth direction itself is also led downstream, like the 
pressure propagation direction, so that the bubble is 
grown more greatly downstream than upstream. In this 
way, the radical discharge characteristics such as dis- 
charge efficiency, discharge power or discharge rate 
can be improved by controlling the bubble growth direc- 
tion itself by the movable plate, and controlling the bub- 
ble pressure propagation direction. 
[0123] On the other hand, if the bubble enters a de- 
foaming process, the bubble rapidly defoams due to 
synergistic effect with an elastic force of the movable 
plate 6, and the movable plate 6 finally returns to its in- 
itial position as indicated by the solid line in Figs. 7A to 
7D. At this time, the liquid is flown in from upstream or 
the common liquid chamber 8 to refill the liquid into the 
liquid flow passage 7 to compensate for the contracted 
volume of bubble in the bubble producing region 11 , and 
compensate for the volume of discharge liquid, this re- 
filling of liquid can be made efficiently, reasonably and 
stably, along with the return action of the movable plate 
6. 

[0124] The movable plate of the liquid discharge head 
as above described is manufactured through the man- 
ufacturing processes as shown in Figs. 4A to 4E and 5A 
to 5E, basically in the same way as the first embodiment. 
[0125] Thus, a film formation process for the SiN film 
203 which becomes the movable plate, which is manu- 
factured by a different method from the first embodi- 
ment, will be illustrated in detail with reference to Figs. 
9A to 9C, and Figs. 10A to 10H. 

[0126] In this embodiment, the film formation and lay- 
ering of SiN film 203 was made three times by plasma 
CVD. 

[01 27] At first, as shown in Fig. 9A, the wafer 750 hav- 
ing many numbers of the elemental substrates 1 on it is 
inserted into the cassette insertion inlet 830 of the plas- 
ma CVD apparatus 800 (see an arrow (1) in Fig. 9A). 
Then, the wafer 750 is carried into the reaction chamber 
805 of the CVD apparatus 800 by use of the transfer 
device 820 or the like (see an arrow (2) in Fig. 9A), thus 
forming the first p-SiN film 203f in a film thickness of 
approximately 1 .6 jim. After that, the wafer 750 is with- 
drawn from the reaction chamber 805 of the CVD appa- 
ratus by use of the transfer device 820 or the like (see 
an arrow (3) in Fig. 9A), and then, withdrawn from the 
cassette outlet to be left intact in the air outside (see an 
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arrow (4) in Fig. 9A), thus forming the first oxide film 
203g. Thus, as shown in Fig. 10A, the two-layered film 
is formed. 

[0128] Then, as shown in Fig. 9B, the wafer 750 is 
again inserted into the cassette inlet 830 of the plasma 
CVD apparatus 800 (see an arrow (5) in Fig. 9B). After 
that, using the transfer device 820 or the like the wafer 
is placed in the reaction chamber 805 of the CVD appa- 
ratus 800 (see an arrow (6) in Fig. 9B). Thus, as shown 
in Fig. 10B, the second p-SiN film 203h is formed in a 
film thickness of approximately 1 .6 |xm. After that, in the 
same manner as in Fig. 9A, the wafer 750 is withdrawn 
from the reaction chamber 805 of the CVD apparatus 
by use of the transfer device 820 (see an arrow (7) in 
Fig. 9B), and withdrawn from the cassette outlet to be 
left intact in the air outside (see an arrow (8) in Fig. 9B), 
hence forming the second oxide film 203i on the surface. 
[0129] Further on this film, the same process is re- 
peated (see arrows (9) to (12) in Fig. 9C). Then, as 
shown in Fig. 10C, the third p-SiN film 203j and the third 
oxide film 203k are formed in a thickness of approxi- 
mately 1 .6 urn. Thereby, the SiN film 203 having a thick- 
ness of about 5 u.m as a whole is formed. 
[01 30] In this way, by layering the SiN film 203 several 
times and forming an oxide film layer therebetween, the 
grain growth is suppressed to cut off linkage of the grain 
boundary, like the first embodiment. Thereby, the 
strength of the fulcrum portion of the movable plate 6 is 
increased, and the durability of the movable plate 6 is 
improved. Also, due to greater durability of the movable 
plate 6, the movable plate 6 can work stably over the 
long period, and consequently the discharge character- 
istics become stable over the long period to obtain the 
liquid discharge head which is highly reliable. 
[0131] Also, as shown in Figs. 9A to 9C and 10A to 
10H, when layering the SiN film 203 several times, as 
shown in, in the etching process of the SiN film 203 (see 
Fig. 4D and Fig. 5D) and the removal process of the Al 
film 202 (see Fig. 4E and Fig. 5E) which are performed 
thereafter, the selection ratio between the SiN film 203f, 
203h, 203j and the oxide film 203g, 203i, 203k occurs 
by an etching gas and an etching liquid, so that the pe- 
ripheral end face of the movable plate 6 is made like a 
saw-tooth in a thickness direction of the movable plate 
6, as shown in Fig. 8D. In the case of the present em- 
bodiment, the oxide film is formed in the recessed shape 
which is depressed by At' with respect to the SiN film as 
clear from the enlarged view of the free end portion of 
the movable member at Fig. 8D shown in Fig. 8E. The 
effect that can be produced is the same as the case of 
the first embodiment. 

[0132] Also, for the SiN film 203 etching process or 
the like described above, the description has been made 
of the movable member which presents the saw teeth 
in the thickness direction thereof. In practice, in the di- 
rection intersecting the thickness direction, too, the 
movable member presents smaller saw teeth than the 
saw teeth in the thickness direction in a size which may 



be observed by SEM or the like. In other words, as 
shown in Fig. 10F which is a partially enlarged schemat- 
ic view of Fig. 10D in the direction indicated by an arrow 
A, the outer circumference of an arbitrary section of the 
5 movable member, which is orthogonal to the thickness 
direction thereof, presents fine irregular portion. 
[0133] With the provision of such structure, ink layer 
resides in a small gap between the nozzle side walls 
and the movable member. The ink layer is effective in 
controlling the vertical displacement of the movable 
member so as not to be greatly suppressed when the 
movable member is displaced by the ink flow in the noz- 
zle occurring by the development and extinction of the 
bubble created by the heat generating element. 
[0134] In this respect, when a plurality of layers are 
laminated in the cases of the first embodiment, the 
present embodiment, and the like, the saw teeth are 
formed on the movable member both in the thickness 
direction thereof, and in the direction intersecting the 
thickness direction thereof eventually as shown in the 
schematic view of the side face portion of the movable 
member represented in Fig. 10G. With this condition, 
the hydromechanic properties of the movable member 
against ink are made synergically superior. 
[0135] In this respect, the formation of the saw teeth 
of the movable member in the direction intersecting, the 
thickness direction thereof may be effectuated positively 
by the utilization of mask which is used when the film 
that forms the corner members is patterned. However, 
when the film of 1 to 10 urn thick is etched, the mask 
material is subjected to the reverse sputtering due to the 
etching gas or the like. Then, the particles thus produced 
may adhere to the side walls of the film to be etched. As 
a result, an effect is produced such as to shield the rad- 
ical seed which derives from the etching gas, among 
some others. Thus, saw teeth grooves are naturally 
formed, and then, there is no need for the film lamination 
to form the movable member as to the saw teeth con- 
figuration in the direction intersecting the thickness di- 
rection of the movable member. As shown in the sche- 
matic view of the side face portion of the movable mem- 
ber represented in Fig. 10H, this configuration is possi- 
ble even for the single layer arrangement. 

(Third embodiment) 

[0136] Figs. 11 A to 11 E are cross-sectional views 
showing a second embodiment involving a manufactur- 
ing method of the movable plate for the liquid discharge 
head as shown in Fig. 3. This embodiment is character- 
ized by providing a plate base 204 on the element sub- 
strate 1 to which the movable plate 31 is fixed. 
[0137] Firstly, the plate base 204 made of a Ti or Ta 
containing material and having the effect of relieving the 
stress on the SiN film 203 as a movable plate base por- 
tion constituting the movable plate 31 and enhancing 
adhesion of the SiN film 203 is patterned on a portion of 
the element substrate to which the movable plate 31 is 
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fixed (Fig. 11 A). Thereafter, the Al film 202 that is a gap 
formation member is made on the element substrate 1 
and the plate base 204, and patterned (Fig. 11B). 
[01 38] Subsequently, the SiN film 203 which becomes 
the movable plate 31 is made on the Al film 202 and the 
plate base 204 by plasma CVD (Fig. 11C), and pat- 
terned, and then the etching is performed using the Al 
film 202 as an etching stop layer (Fig. 11 D). 
[01 39J Finally, the Al film 202 is subjected to wet etch- 
ing, using a mixture of acetic acid, phosphoric acid and 
nitric acid, and removed, and an exposed portion of the 
TiW film 201 which is a pad protective layer is removed 
using hydrogen peroxide, whereby the movable plate 31 
is formed on the plate base 204, as shown in Fig. 11 E. 
[0140] As above described, by providing the plate 
base 204 on the portion of the element substrate 1 to 
which the movable plate 31 is fixed, the strength of con- 
necting the support and fixing portion of the movable 
plate 31 with the element substrate 1 is increased, and 
the mechanical durability of the movable plate 31 is fur- 
ther improved. 

[0141] Figs. 12 and 13 are perspective views partly 
showing the liquid discharge head of this embodiment. 
[0142] The movable plate for the liquid discharge 
head adopted in this invention can have its increased 
strength, when it is flexed greatly with the bubble pro- 
duced, as shown in Figs. 12 and 13. Further, it can fully 
cope with the strength for the fulcrum 33 to support the 
movable plate 31 , when flexed greatly. 
[01 43] And, after forming the movable plate on the liq- 
uid discharge head, the discharge opening 18 for dis- 
charging the ink as shown in Fig. 1 3 is formed to con- 
stitute the liquid discharge head. 

(Fourth Embodiment) 

[0144] In accordance with each of the embodiments 
described above, the layer for the formation of the mov- 
able member uses different materials, such as SiN film 
and Si0 2 film, and SiN film and the oxide film thereof. 
For the "layer" of the present invention, however, the 
materials are not necessarily different from each other. 
Also, in accordance with each of the embodiments de- 
scribed above, the manufacturing process is discontin- 
uous between the end time of each film formation proc- 
ess and the starting time of the next film formation due 
to the transfer process needed between them, or the 
like. The one-time film formation of the present invention 
is not necessarily divided by time. Therefore, in accord- 
ance with the present, embodiment, the detailed de- 
scription will be made of the lamination structure formed 
by one and the same material in conjunction with Figs. 
14Ato 14C, and Figs. 15Ato 15C. 
[0145] Figs. 14A and 14B are cross-sectional views 
which schematically illustrate the principal part of the 
movable member in the manufacturing process of the 
movable member in accordance with a fourth embodi- 
ment of the present invention. Here, for the present em- 



bodiment, it is possible to apply each of the embodi- 
ments described above to the structure of the entire 
body of the recording head. Therefore, the detailed de- 
scription thereof will be omitted. Also, Fig. 14C is a view 

5 which illustrates the outline of the CVD apparatus used 
for the fourth embodiment of the present invention. In 
Fig. 14C, the RF electrodes 942a and the stage 945a, 
which face each other with a specific distance in the re- 
action chamber 943a of the plasma CVD apparatus for 

10 the formation of the SiN film 203. To the RF electrodes 
942a, voltage is applied from the RF supply source 941a 
outside the reaction chamber 943a. On the other hand, 
the elemental substrate 1 is installed on the surface of 
the stage 945a on the RF electrodes 942a side. Thus, 

15 the elemental substrate 1 on the heat generating 2 side 
faces the RF electrodes 942a. Here, the Ta cavitation 
proof film provided for the elemental substrate 1 , which 
is formed on the surface of the heat generating element 
2, is electrically connected with the silicon substrate of 

20 the elemental substrate 1. Then, the gap formation 
member 202 is grounded through the silicon substrate 
of the elemental substrate 1 and the stage 945a. For the 
plasma CVD apparatus thus structured, gas is supplied 
to the reaction chamber 943a by way of the supply tube 

25 944a while the cavitation proof film is grounded, thus 
generating plasma 946 between the elemental sub- 
strate 1 and the RF electrodes 942a. The ion seed and 
radical decomposed by the plasma discharges in the re- 
action chamber 943a are deposited on the elemental 

30 substrate 1 , and the SiN film 203 is formed on the ele- 
mental substrate 1 . At this juncture, load is generated 
on the elemental substrate 1 by the ion seed and radical, 
but with the cavitation proof film being grounded, it is 
possible to prevent the heat generating elements 2, the 

35 latch circuits, and other functional elements on the ele- 
mental substrate 1 from being damaged by the loads of 
ion seed and radical. 

[0146] Now, in accordance with the present embodi- 
ment, the lamination temperature is, at first, gradually 

40 raised in the reaction chamber 943a shown in Fig. 14C 
from approximately 300°C at the initiation of film lami- 
nation and in the initial stage of the development, then, 
when the film lamination temperature arrives at approx- 
imately 400°C, the lamination temperature is kept con- 

45 stantly (see Fig. 15B). During this period, as shown in 
Fig. 15A, the film thickness is increased almost specifi- 
cally. However, the quality of the film formed at the lam- 
ination temperature of approximately 300°C (the film 
formed at t1 in Fig. 15B) has a lower density than the 

50 quality of film (formed at t2 in Fig. 1 5B) which is formed 
at the lamination temperature of approximately 400°C. 
As a result, the first SiN film dense portion 203m is 
formed on the first SiN film sparse portion 2031 as 
shown in Fig. 14A. 

55 [0147] Subsequently, as shown in Fig. 15B, the lami- 
nation temperature is again reduced gradually to ap- 
proximately 300°C, and when the lamination tempera- 
ture reaches approximately 300° C, it is kept constantly, 



14 



27 

and then, the lamination temperature is again raised 
gradually to approximately 400°C. In this manner, as 
shown in Fig. 14B, the sparse portion 203n of the sec- 
ond SiN film (formed at t3 in Fig. 15B) and the dense 
portion 203o of the second SiN film (formed at t4 in Fig. 5 
15B) are produced. 

[0148] A change of film qualities of the kind is related 
to the etching rate. The etching rate is faster on the por- 
tions (2031 and 203n) where the film quality is in the 
sparse condition than on the dense portions (203m and 10 
203o). Therefore, the section of the formed movable 
member becomes in the saw teeth configuration in the 
thickness direction almost as in the first embodiment 
and others. 

[0149] Also, as compared with the dense portions *s 
(203m and 203o), the Young's modulus of the portions 
(203I and 203n) of the sparse film quality is also differ- 
ent. Therefore, as described in each of the embodi- 
ments, with the increased allowance of the suppleness 
of movable portion along with the displacement of the 20 
movable member, the strength of the movable member 
is improved, hence making it possible to enhance the 
durability of the movable member. Thus, the "layer" of 
the present invention is defined as the one having its 
density and composition which differs from those of the 25 
adjacent layer. For the described above, the layers are 
in the four-layered structure. 

[0150] In this respect, although it may be possible to 
set the definite separation with the adjacent layer be- 
tween each of the layers, there are the cases where no 30 
definite separation with the adjacent layer in practice as 
shown in Fig. 15C particularly when the mode is such 
that the sparse and dense conditions are changeable 
as in the present embodiment. Fig. 15C is a schematic 
view which shows the section of the movable member 35 
in which the dense portion of the material is represented 
darker. If the boundary regions are not distinct as in this 
example, and then, the density of the material changes 
from dense to dense through sparse gradually, it should 
be good enough to define the region which is relatively *o 
dense with respect to the adjacent portion and the re- 
gion which is relatively sparse thereto as each of the 
"layers". Therefore, it is to be understood that the layer 
which is not definitely separated from the adjacent layer 
as in this embodiment is also included in the "layer" def- 45 
inition of the present invention. 

[0151] Also, in accordance with the embodiment de- 
scribed above, the ending time of the first film formation 
process and the starting time of the second film forma- 
tion process is continuous. However, in this embodi- 50 
ment, too, the grain development is blocked between 
the SiN films (203I and 203m) produced in the first film 
formation process and the SiN film (203I and 203m) pro- 
duced in the second film formation process as in the first 
to third embodiments described earlier, and the grain 55 
boundaries are cut off. In this manner, the strength of 
the fulcrum of the movable member is enhanced to im- 
prove the durability of the movable member eventually. 
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[0152] Also, with the improved durability of the mov- 
able member, it can operated stably for a longer period 
of time. As a result, the discharge characteristics are 
stabilized for a long time, hence obtaining a highly reli- 
able liquid discharge head. 

[0153] As described above, the one-time film forma- 
tion process of the present invention may be defined 
even when the film formation process is arranged in 
such a manner that the film formed in each of the proc- 
esses on the substrate side has different density, com- 
position, or the like from those on the side opposite to 
that side. 

(Fifth Embodiment) 

[0154] Figs. 16A to 16E are views which illustrate a 
fifth embodiment in accordance with the present inven- 
tion. Unlike the first to fourth embodiments described 
above, the present embodiment is not intended to dis- 
close the movable member in the laminated structure of 
3 layers or more each having different Young's modulus 
from the adjacent layer each other or the movable mem- 
ber produced in the film formation process performed at 
least in two time or more. Nevertheless, with this em- 
bodiment, it is made possible to provide a highly reliable 
liquid discharge head whose discharge characteristics 
are stabilized when liquid is discharged by utilizing the 
displacement of the free end of the movable member by 
the pressure exerted by the creation of bubbles by the 
application of the present embodiment by itself, and al- 
so, to make it possible to provide a highly reliable liquid 
discharge head whose discharge characteristics are 
synergically stabilized by arranging this embodiment to 
be applicable to each of the embodiments described 
earlier. 

[0155] Fig. 16A is a cross-section view which shows 
schematically the principal part of the movable member 
in the manufacturing process thereof in accordance with 
the fifth embodiment of the present invention. In this re- 
spect, each of the embodiments described above is ap- 
plicable to the structure of the recording head as a 
whole. Therefore, the detailed description thereof will be 
omitted. Here, a combination is made with the third em- 
bodiment, the film for the formation of the movable mem- 
bers is formed on the pedestals, but not on the sub- 
strate. 

[0156] The movable member shown in Fig. 16A if 
formed by the CVD apparatus as shown in Fig. 14C. 
Here, as in the fourth embodiment, At the start of the 
film lamination and in the initial stage of the develop- 
ment, the lamination temperature is set at approximately 
300°C, and it is raised gradually. When the lamination 
temperature reaches a temperature of approximately 
400°C, it is kept constantly. Then, the lamination is con- 
tinues as it is until the desired film thickness is obtained 
(see Fig. 16B). At this juncture, the film thickness is in- 
creased almost constantly (see Fig. 16C). However, the 
film quality of the film 203p in the initial lamination (the 
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film formed at t1 in Fig. 16B) has a lower density than 
that of the film quality of the film 203q formed in the con- 
dition at a higher lamination temperature (the film 
formed at t2 in Fig. 16B). The density thereof becomes 
higher in the laminating direction. 
[0157] As described above, with the formation of 
sparse portion on the closely connected portion be- 
tween the movable member and the surface of the ele- 
mental substrate 1 , it becomes possible to suppress the 
abrupt stress changes of the film for the formation of the 
movable member, hence making the bonding power of 
the close contact portion, while suppressing the hillocks 
or whiskers on the Al sacrifice layer. As a result, a highly 
reliable liquid discharge head can be provided with sta- 
bilized discharge characteristics when liquid is dis- 
charged by utilizing the displacement of the free end of 
the movable member by the pressure exerted by the 
creation of bubbles by the application of the present em- 
bodiment itself. 

[0158] Here, for the fourth embodiment and the 
present embodiment, the description has been made of 
the temperature in the reaction chamber as one of the 
examples in which the density of the film formation ma- 
terial is to be changed. However, the changes of the ma- 
terial density for film formation is not necessarily limited 
to the temperature changes. For example, by the flow 
rate of gas to be supplied into the reaction chamber 
through the supply tube (see Fig. 1 6D) or by the degree 
of vacuum in the reaction chamber (see Fig. 16E), such 
changes may be possible. In each of the cases where 
other factors are fixed, if the gas concentration is high 
in the reaction chamber with larger gas flow rate, and 
the degree of vacuum is high, the material becomes 
more dense. Now, therefore, in Fig. 16D and Fig. 17E, 
it becomes possible to form the SiN film 203p in the film 
formation at t1, and SiN film 203q in the film formation 
at t2, respectively. 

[0159] In this respect, the sparse and denseness of 
the material is not necessarily limited to the one that con- 
tains Si at the time of the film formation of the kind. The 
present embodiment is applicable to the case where 
other metal is used as the material for the formation of 
the movable member. 

(Other embodiments) 

[0160] A liquid discharge head cartridge on which the 
liquid discharge head as above described is mounted 
will be roughly described below. 

[0161] Fig. 17 is a typical exploded perspective view 
of the liquid discharge head cartridge on which the liquid 
discharge head is mounted. As shown in Fig. 17, the 
liquid discharge head cartridge is mainly constituted of 
a liquid discharge head portion 330 and a liquid contain- 
er 331. 

[0162] The liquid discharge head portion 330 is com- 
posed of an element substrate 1 provided with a mova- 
ble plate 31 (see Fig. 3), a grooved member 332 having 



a ceiling plate 50 and an orifice plate 51 (see Fig. 3), a 
presser spring 333, a liquid supply member 334, and a 
support base (aluminum base plate) 335. The element 
substrate 1 is provided with a plurality of heat generators 

5 2 (see Fig. 3) for applying heat to the foaming liquid, as 
previously described, in a column, and a plurality of 
functional elements (not shown) for selectively driving 
the heat generators 2. Between the element substrate 
1 and the movable plate 31 is formed a bubble producing 

10 region 11 (see Fig. 3) as previously described. By bond- 
ing this element substrate 1 with the grooved member 
33, the liquid flow passages 10 through which the liquid 
to be discharged flows and a common liquid chamber 
13 (see Fig. 3) are formed. 

1 5 [01 63] The presser spring 333 is a member for apply- 
ing a biasing force toward the element substrate 1 to the 
grooved member 332, and owing to this biasing force, 
the element substrate 1 , the grooved member 332 and 
the support base 335 can be integrated together favo- 

20 rably. 

[0164] The support base 335 supports the element 
substrate 1 , and further has disposed thereon a printed 
wiring substrate 336 for supplying an electrical signal to 
the element substrate 1 which is connected to it, and a 
25 contact pad 337 for passing and receiving the electrical 
signal to and from the apparatus connecting to it. 
[0165] The liquid container 331 contains the dis- 
charge liquid such as the ink to be supplied to the liquid 
discharge head portion 330. Outside of the liquid con- 
30 tainer 331 , there are provided a locating portion 338 for 
placing a connecting member for connecting the liquid 
discharge head portion 330 and the liquid container 331 , 
and a fixture shaft 339 for fixing the connecting member. 
The supply of the liquid to be discharged occurs from a 
35 discharge liquid supply passage 340 of the liquid con- 
tainer 331 via a supply passage 342 of the liquid supply 
member 334, and a supply passage 341, 343, 344 of 
each member to the common liquid chamber 13 (see 
Fig. 3). 

40 [0166] Note that this liquid container 331 may be used 
by refilling the liquid after consumption of the liquid. For 
this purpose, it is desirable to provide a liquid filler hole 
in the liquid container 331 . Also, note that the liquid dis- 
charge head portion 330 and the liquid container 331 
<5 may be integrated or separated. 

[0167] Fig. 18 is a schematic perspective view exem- 
plifying an ink jet recording apparatus onto which the 
liquid discharge head of this embodiment can be mount- 
ed. 

50 [0168] In Fig. 18, numeral 601 represents an ink jet 
recording head of this embodiment. This head 601 is 
mounted on a carriage 607 which engages a spiral 
groove 606 of a lead screw 605 revolving via the driving 
force transmissions 603, 604 along with the positive or 
55 reverse revolution of a driving motor 602, and recipro- 
cated in the directions of the arrows a and b along a 
guide 608, together with the carriage 607, by motive 
power of the driving motor 602. A paper pressing plate 
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610 for a print sheet P (recording medium) to be con- 
veyed over a platen 609 by a recording medium convey- 
ing device, not shown, presses the print sheet P onto 
the platen 609 over the carriage movement direction. 
[01 69] Near one end of the lead screw 605, there are 
disposed photo-couplers 611 and 612. These are home 
position detecting means for checking the presence of 
a lever 607a of the carriage 607 in this region to change 
the rotational direction of the driving motor 602. In the 
figure, numeral 613 represents a support member for 
supporting a cap member 614 which covers a front face 
of the ink jet recording head 601 as above described 
where the discharge openings are provided. Numeral 
615 represents ink suction means for sucking the ink 
accumulated inside of the cap member 614 by idle dis- 
charge from the head 601. By this suction means 615, 
the head 601 is subjected to suction recovery via an 
opening portion 616 within the cap. Numeral 617 repre- 
sents a cleaning blade, and numeral 618 represents a 
moving member for moving the blade 617 in the cross 
direction (direction orthogonal to the moving direction of 
the carriage 607), the blade 617 and the moving mem- 
ber 618 being supported on a main body supporting 
base 619. The above blade 617 is not limited thereto, 
but may be any of other well-known cleaning blades. Nu- 
meral 620 represents a lever for starting the suction in 
the suction recovery operation, which is moved with the 
movement of a cam 621 engaged with the carriage 607, 
the driving force from the driving motor 602 being con- 
trolled for movement by well-known transmission 
means such as a clutch. An ink jet recording controller 
for applying a signal to the heat generator 2 provided on 
the head 601 and controlling the driving of each mech- 
anism as previously described is provided on the main 
apparatus and not illustrated herein. 
[01 70] The ink jet recording apparatus 600 having the 
above-described constitution allows the head 601 to 
perform the recording on a print sheet P (recording me- 
dium) conveyed over the platen 609 by a recording me- 
dium conveying device not shown, while reciprocating 
over the entire width of the print sheet P. 



Claims 

1 . A liquid discharge head at least comprising: 

a discharge opening for discharging the liquid; 
a liquid flow channel in communication with 
said discharge opening and for supplying said 
liquid to said discharge opening; 
a substrate equipped with a heat generator for 
producing a bubble in the liquid that is filled in 
the liquid flow channel; and 
a movable plate supported and fixed onto said 
substrate at a position of said substrate op- 
posed to said heat generator and with a gap 
from said substrate, with a free end on the dis- 



charge opening side, 

said liquid discharge head discharging the liquid 
from said discharge openings by forcing the free 

5 end of said movable plate to be displaced toward 
said discharge opening around a fulcrum portion 
made near a support and fixing portion of said mov- 
able plate with said substrate due to pressure 
caused by produced bubble, wherein said movable 

10 member is formed in the film formation process at 
least two times or more. 

2. A liquid discharge head according to claim 1 where- 
in the film containing silicon as the composition 

is thereof is formed in said film formation process of 
times or more. 

3. A liquid discharge head according to claim 2, 
wherein the material of said movable plate is sili- 

20 cone nitride, silicone oxide or silicone carbide. 

4. A liquid discharge head according to claim 1, 
wherein an oxide thin film is provided between each 
layer constituting said movable plate. 

25 

5. A liquid discharge head according to claim 1, 
wherein said movable plate is formed by plasma 
CVD. 

30 6. A liquid discharge head according to claim 1, 
wherein the peripheral end face of said movable 
plate is like a saw-tooth in a thickness direction of 
said movable plate. 

35 7. A liquid discharge head according to claim 1, 
wherein the outer peripheral end face of said mov- 
able member is in the form of saw teeth in the di- 
rection intersecting the thickness direction of said 
movable member. 

40 

8. A liquid discharge head at least comprising: 

a discharge opening for discharging the liquid; 
a liquid flow channel in communication with 

45 said discharge opening and for supplying said 

liquid to said discharge opening; 
a substrate equipped with a heat generator for 
producing a bubble in the liquid that is filled in 
the liquid flow channel; and 

50 a movable plate supported and fixed onto said 

substrate at a position of said substrate op- 
posed to said heat generator and with a gap 
from said substrate, with a free end on the dis- 
charge opening side, 

55 

said liquid discharge head discharging the liquid 
from said discharge openings by forcing the free 
end of said movable plate to be displaced toward 
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said discharge opening around a fulcrum portion 
made near a support and fixing portion of said mov- 
able plate with said substrate due to pressure 
caused by produced bubble, wherein said movable 
member is formed in the laminated structure having 
three layers or more each having different Young's 
modulus from the adjacent area. 

9. A liquid discharge head according to claim 8, 
wherein said movable plate has such a structure 
that the layer having comparatively low Young's 
modulus is between the layers each having com- 
paratively high Young's modulus. 

10. A liquid discharge head according to claim 9, 
wherein the material for forming a layer having rel- 
atively low Young's modulus is silicone oxide. 

11. A liquid discharge head according to claim 9, 
wherein the material for forming a layer having rel- 
atively high Young's modulus is silicone nitride or 
silicone carbide. 

12. A liquid discharge head according to claim 9, 
wherein said movable member is formed with the 
same material, and at the same time, the density of 
material for said layer having comparatively low 
Young's modulus is thinner than that of the material 
forming the high Young's modulus. 

13. A liquid discharge head according to claim 8, 
wherein a plate base is provided between a support 
and fixing portion of said movable plate and said 
substrate. 

14. A liquid discharge head according to claim 12, 
wherein the material for said plate base contains Ti. 

15. A liquid discharge head according to claim 12, 
wherein the material for said plate base contains 
tantalum. 

16. A liquid discharge head according to claim 8, 
wherein the outer peripheral end face of said mov- 
able member is in the form of saw teeth in the di- 
rection intersecting the thickness direction of said 
movable member. 

17. A liquid discharge head according to claim 8, 
wherein said movable member is formed in the lam- 
inated structure having three layers or more each 
having different Young's modulus from the adjacent 
area. 

18. A liquid discharge head comprising at least: 

discharge ports for discharging liquid; 

liquid flow paths communicated with said dis- 



charge ports for supplying said liquid to said 
discharge ports; 

a substrate provided with the heat generating 
elements for creating bubbles in said liquid 

5 filled in each of said liquid flow paths; and 

movable members arranged in the position fac- 
ing said heat generating elements on said sub- 
strate with a gap thereto, and supported and 
fixed on the substrate with the free end thereof 

10 being on said discharge port side, and 

said liquid being discharged from said dis- 
charge ports by displacing each free end of said 
movable members to said discharge port side 
centering on the fulcrum structured near the 

15 supporting and fixing portion of said movable 

members with said substrate, 

wherein the outer peripheral end face of said mov- 
able members is in the form of saw teeth in the thick- 
20 ness direction of the movable member. 

19. A liquid discharge head comprising at least: 

discharge ports for discharging liquid; 
25 liquid flow paths communicated with said dis- 

charge ports for supplying said liquid to said 
discharge ports; 

the substrate provided with the heat generating 
elements for creating bubbles in said liquid 

30 filled in each of said liquid flow paths; and 

movable members arranged in the position fac- 
ing said heat generating elements on said sub- 
strate with a gap thereto, and supported and 
fixed on the substrate with the free end thereof 

35 being on said discharge port side, and 

said liquid being discharged from said dis- 
charge ports by displacing each free end of said 
movable members to said discharge port side 
centering on the fulcrum structured near the 

40 supporting and fixing portion of said movable 

members with said substrate, wherein the outer 
peripheral end face of said movable members 
is in the form of saw teeth in the direction inter- 
secting the thickness direction of the movable 

45 members. 

20. A liquid discharge head according to claim 19, 
wherein said movable members are formed in one- 
time film formation process. 

50 

21. A liquid discharge head comprising: 

discharge ports for discharging liquid; 
a substrate provided with liquid flow paths com- 
55 municated with said discharge ports for supply- 

ing said liquid to said discharge ports, and the 
heat generating elements for creating bubbles 
in said liquid filled in each of said liquid flow 
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paths; and 

movable members arranged in the position fac- 
ing said heat generating elements on said sub- 
strate with a gap thereto, and supported and 
fixed on the substrate with the free end thereof 5 
being on said discharge port side, and 
said liquid being discharged from said dis- 
charge ports by displacing the free end of said 
movable members to said discharge port side 
centering on the fulcrum structured near the 10 
supporting and fixing portion of said movable 
members with said substrate, wherein the den- 
sity of the material for the formation of said 
movable members in the bonding area with 
said substrate is smaller than the density of the 15 
material for the formation of said movable 
members in the other area. 



22. A liquid discharge head comprising: 



23. A head cartridge having a liquid discharge head ac- 
cording to any one of claims 1, 8, 18, 19, 21, and 

22, and a liquid container for holding the liquid to be 50 
supplied to said liquid discharge head. 

24. A liquid discharge apparatus having a liquid dis- 
charge head according to any one of claims 1, 8, 

18, 19, 21, and 22, and drive signal supplying 55 
means for supplying a drive signal to discharge the 
liquid, from said liquid discharge head, character- 
ized in that said liquid discharge apparatus per- 
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forms the recording by discharging the ink from said 
liquid discharge head and applying said ink onto the 
recording medium. 

25. A manufacturing method of a liquid discharge head 
comprising: 

a discharge opening for discharging the liquid; 
a liquid flow channel in communication with 
said discharge opening and for supplying said 
liquid to said discharge opening; 
a substrate equipped with a heat generator for 
producing a bubble in the liquid that is filled in 
the liquid flow channel; and 
a movable plate supported and fixed onto said 
substrate at a position of said substrate op- 
posed to said heat generator and with a gap 
from said substrate, with a free end on the dis- 
charge opening side, 

wherein said liquid discharge head discharges the 
liquid from the discharge openings by forcing the 
free end of said movable plate to be displaced to- 
ward said discharge opening around a fulcrum por- 
tion made near a support and fixing portion of said 
movable plate with said substrate due to pressure 
caused by produced bubble, characterized by in- 
cluding 

a process of forming a gap formation member 
for forming said gap on said substrate, 
a first process of forming the substrate film for 
use of the movable members for the film forma- 
tion of the substrate portion becoming said 
movable members on said substrate and said 
gap formation members; 
a second process of forming the substrate film 
for use of the movable members for the film for- 
mation of the substrate portion becoming said 
movable members after said first step of form- 
ing the substrate film for use of the movable 
members; 

a process of forming said movable plate by pat- 
terning a base portion for said movable plate, 
and 

a process for removing said gap formation 
member. 

26. A manufacturing method for a liquid discharge head 
according to claim 25, wherein said silicone con- 
taining material is silicone nitride, silicone oxide or 
silicone carbide. 

27. A method for manufacturing a liquid discharge head 
according to claim 25, further comprising the follow- 
ing step of: 

forming think oxide film on the surface of the 
material containing silicon formed in said first step 



20 

discharge ports for discharging liquid; 
a substrate provided with liquid flow paths com- 
municated with said discharge ports for supply- 
ing said liquid to said discharge ports, and the 
heat generating elements for creating bubbles 25 
in said liquid filled in each of said liquid flow 
paths; and 

movable members arranged in the position fac- 
ing said heat generating elements on said sub- 
strate with a gap thereto, and supported and 30 
fixed on the substrate with the free end thereof 
being on said discharge port side, and 
said liquid being discharged from said dis- 
charge ports by displacing the free end of said 
movable members to said discharge port side 35 
centering on the fulcrum structured near the 
supporting and fixing portion of said movable 
members with said substrate, wherein a ped- 
estal portion is arranged between the support- 
ing and fixing portion of said movable members *o 
and said substrate, and at the same time, the 
density of the material for the formation of said 
movable members in the bonding area with 
said pedestal portion is smaller than the density 
of the material for the formation of said movable 45 
members in the other area. 
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of forming film for use of the substrate portion be- 
coming the movable members between said first 
step of forming film for use of substrate portion be- 
coming the movable members and said second 
step of forming film for use of the substrate portion 
becoming the movable members. 

28. A method for manufacturing a liquid discharge head 
according to claim 27, wherein said oxide film is 
formed by leaving said substrate intact in the air out- 
side after the material layer containing silicon is 
formed in vacuum in said first step of forming film 
for use of the substrate portion becoming the mov- 
able members. 

29. A method for manufacturing a liquid discharge head 
according to claim 25, wherein said material layer 
containing silicon is formed by plasma CVD method 
in said first and second steps of forming film for use 
of the substrate portion becoming the movable 
members. 

30. A method for manufacturing a liquid discharge head 
according to claim 25, wherein as said first step of 
forming film for use of the substrate portion becom- 
ing the movable members, said material layer con- 
taining silicon is formed in vacuum by plasma CVD 
method, and then, as said second step of forming 
film for use of the substrate portion becoming the 
movable members, said material layer containing 
silicon is formed in vacuum by plasma CVD method 
while keeping the vacuum condition. 

31 . A manufacturing method for a liquid discharge head 
according to claim 25, wherein said process of 
building up said gap formation member includes a 
process of sputtering aluminum or aluminum alloy. 

32. A manufacturing method for a liquid discharge head 
according to claim 25, wherein said process of re- 
moving said gap formation member is wet etching 
with a mixture liquid of phosphoric acid, nitric acid 
and hydrochloric acid. 

33. A manufacturing method of a liquid discharge head 
comprising: 

a discharge opening for discharging the liquid; 
a liquid flow channel in communication with 
said discharge opening and for supplying said 
liquid to said discharge opening; 
a substrate equipped with a heat generator for 
producing a bubble in the liquid that is filled in 
the liquid flow channel; and 
a movable plate supported and fixed onto said 
substrate at a position of said substrate op- 
posed to said heat generator and with a gap 
from said substrate, with a free end on the dis- 



charge opening side, 

wherein said liquid discharge head discharges the 
liquid from the discharge openings by forcing the 
5 free end of said movable plate to be displaced to- 
ward said discharge opening around a fulcrum por- 
tion made near a support and fixing portion of said 
movable plate with said substrate due to pressure 
caused by produced bubble, characterized by in- 
to eluding 

a process of forming a pad protective layer for 
protecting a pad for electrical connection on 
said substrate, 

15 a process of forming a gap formation member 

for forming said gap on said substrate and said 
pad protective layer, 

a process of forming a movable plate base por- 
tion which serves as said movable plate on said 
20 substrate, said pad protective layer and said 

gap formation member by laminating the three 
layers or more with each layer having different 
Young's modulus form the adjacent area 
a process of forming said movable plate by pat- 
25 terning said movable plate base portion, 

a process for removing said gap formation 
member, and 

a process of removing an exposed portion of 
said pad protective layer. 

30 

34. A method for manufacturing a liquid discharge head 
according to claim 33, wherein the step of forming 
said movable members by patterning said substrate 
portion for use of the movable members further 
35 comprises the step of forming the structure of the 
layer having comparatively low Young's modulus 
being between the layers each having comparative- 
ly high Young's modulus. 

40 35. a manufacturing method of a liquid discharge head 
according to claim 33, wherein said process of form- 
ing said movable plate by patterning said movable 
plate base portion includes a subprocess of forming 
the peripheral face of said movable plate like a saw- 

45 tOOth. 

36. A manufacturing method of a liquid discharge head 
according to claim 33, wherein TiW is used as the 
material of said gap formation member, and said 

50 pad protective layer is formed by sputtering. 

37. A manufacturing method of a liquid discharge head 
according to claim 33, wherein aluminum or alloy 
containing aluminum is used as the material of said 

55 gap formation member, and said gap formation 
member is formed by sputtering. 

38. A manufacturing method of a liquid discharge head 
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according to claim 37, wherein said alloy containing 
aluminum is Al-Cu, Al-Ni, Al-Cr, Al-Co or Al-Fe. 

39. A manufacturing method of a liquid discharge head 
according to claim 33, wherein before the process 
of building up the gap formation member to form 
said gap on said substrate and said pad protective 
layer, there is a process of forming a plate base pro- 
vided between a support and fixing portion of said 
movable plate and said substrate. 

40. A manufacturing method of a liquid discharge head 
according to claim 39, wherein the material of said 
plate base contains Ti. 

41. A manufacturing method of a liquid discharge head 
according to claim 39, wherein the material of said 
plate base contains tantalum. 

42. A manufacturing method of a liquid discharge head 
according to claim 33, wherein said process of re- 
moving said gap formation member includes wet 
etching of said gap formation member using a mix- 
ture liquid of acetic acid, phosphoric acid and nitric 
acid. 

43. A manufacturing method of a liquid discharge head 
according to claim 33, wherein said process of re- 
moving the exposed portion of said movable plate 
base portion includes etching said pad protective 
layer using hydrochloric acid. 

44. A method for manufacturing a liquid discharge head 
according to claim 34, wherein said substrate por- 
tion for use of the movable members is formed with 
the same material in said step of forming the sub- 
strate portion for use of the movable members, and 
at the same time, the density of material for said 
layer having comparatively low Young's modulus is 
thinner than that of the material for said layers hav- 
ing comparatively high Young's modulus. 

45. A method for manufacturing a liquid discharge head 
according to claim 34, wherein said movable mem- 
bers are formed by CVD method in said step of 
forming the substrate portion for use of the movable 
members, and at the same time, the temperature in 
the CVD reaction chamber is lower at the time of 
forming the layer having comparatively low Young's 
modulus than the temperature in the CVD reaction 
chamber at the time of forming the layers having 
comparatively high Young's modulus. 

46. A method for manufacturing a liquid discharge head 
provided with: 

discharge ports for discharging liquid; 

liquid flow paths communicated with said dis- 



charge ports for supplying said liquid to said 
discharge ports; 

The substrate provided with the heat generat- 
ing elements for creating bubbles in said liquid 

5 filled in each of said liquid flow paths; and 

movable members arranged in the position fac- 
ing said heat generating elements on said sub- 
strate with a gap thereto, and supported and 
fixed on the substrate with the free end thereof 

10 being on said discharge port side, and 

said liquid being discharged from said dis- 
charge ports by displacing the free end of said 
movable members to said discharge port side 
centering on the fulcrum structured near the 

15 supporting and fixing portion of said movable 

members with said substrate, said method 
comprising the steps of: 
forming the pad protection layer on said sub- 
strate to protect pads for use of electrical con- 

20 nection; 

forming the gap formation members on said 
substrate and said pad protection layer for the 
formation of said gap; 

forming the substrate portion for use of the 
25 movable members becoming said movable 

members on said pedestal portion, said pad 
protection layer, and said gap formation mem- 
bers so as to make the density of material for 
the formation of said movable members smaller 
30 in the bonding area with said pedestal portion 

than the density of material for the formation of 
said movable members in the other area; 
forming said movable members by patterning 
said substrate portion for use of said movable 
35 members; 

removing said gap formation members; and 
removing the exposed portion of said pad pro- 
tection layer. 

40 47. A method for forming a liquid discharge head ac- 
cording to claim 46, wherein said movable members 
are formed by CVD method in said step, of forming 
the substrate portion for use of the movable mem- 
bers, and at the same time, the temperature in the 

45 CVD reaction chamber is lower at the time of form- 
ing the bonding area of said movable members with 
said substrate than the temperature in the CVD re- 
action chamber at the time of forming the other area 
of said movable members. 

50 

48. A method for forming a liquid discharge head ac- 
cording to claim 46, wherein said movable members 
are formed by CVD method in said step of forming 
the substrate portion for use of the movable mem- 
55 bers, and at the same time, the gas concentration 
in the CVD reaction chamber is lower at the time of 
forming the bonding area of said movable members 
with said substrate than the temperature in the CVD 



21 



41 EP 1 005 990 A2 42 



reaction chamber at the time of forming the other 
area of said movable members. 

49. A method for forming a liquid discharge head ac- 
cording to claim 46, wherein said movable members 
are formed by CVD method in said step of forming 
the substrate portion for use of the movable mem- 
bers, and at the same time, the degree of vacuum 
in the CVD reaction chamber is lower at the time of 
forming the bonding area of said movable members 
with said substrate than the temperature in the CVD 
reaction chamber at the time of forming the other 
area of said movable members. 

50. A method for manufacturing a liquid discharge head 
provided with: 

discharge ports for discharging liquid; 
liquid flow paths communicated with said dis- 
charge ports for supplying said liquid to said 
discharge ports, 

the substrate provided with the heat generating 
elements for creating bubbles in said liquid 
filled in each of said liquid flow paths; and 
movable members arranged in the position fac- 
ing said heat generating elements on said sub- 
strate with a gap thereto, and supported and 
fixed on the substrate with the free end thereof 
being on said discharge port side, and 
said liquid being discharged from said dis- 
charge ports by displacing the free end of said 
movable members to said discharge port side 
centering on the fulcrum structured near the 
supporting and fixing portion of said movable 
members with said substrate, said method 
comprising the steps of: 
forming the pad protection layer on said sub- 
strate to protect pads for use of electrical con- 
nection; 

forming the pedestal portion to be arranged be- 
tween said supporting and fixing portion of the 
movable members and said substrate; 
forming the gap formation members on said 
substrate and said pad protection layer for the 
formation of said gap; 

forming the substrate portion for use of the 
movable members becoming said movable 
members on said substrate, said pad protection 
layer, and said gap formation members so as 
to make the density of material for the formation 
of said movable members smaller in the bond- 
ing area with said pedestal portion than the 
density of material for the formation of said 
movable members in the other area; 
forming said movable members by patterning 
said substrate portion for use of said movable 
members; 

removing said gap formation members; and 



removing the exposed portion of said pad pro- 
tection layer. 

51. A liquid ejection head comprising a substrate and a 
5 ceiling plate defining therebetween at least one liq- 
uid path having a corresponding ejection outlet and 
being associated with a bubble generation region 
separated from the liquid path by a movable mem- 
ber such that, in use, generation of a bubble in the 

10 bubble generation region causes movement of the 
movable member to cause or at least facilitate ejec- 
tion of liquid from the ejection outlet, wherein the 
movable member comprises a laminate. 

52. A liquid ejection head comprising a substrate and a 
ceiling plate defining therebetween at least one liq- 
uid path having a corresponding ejection outlet and 
being associated with a bubble generation region 
separated from the liquid path by a movable mem- 
ber such that, in use, generation of a bubble in the 
bubble generation region causes movement of the 
movable member to cause or at least facilitate ejec- 
tion of liquid from the ejection outlet, wherein at 
least one of the Young's modulus, density and end 
profile varies across the thickness of the movable 
member. 

53. A liquid ejection head comprising a substrate and a 
ceiling plate defining therebetween at least one liq- 
uid path having a corresponding ejection outlet and 
being associated with a bubble generation region 
separated from the liquid path by a movable mem- 
ber such that, in use, generation of a bubble in the 
bubble generation region causes movement of the 
movable member to cause or at least facilitate ejec- 
tion of liquid from the ejection outlet, wherein the 
density varies along the length of the movable 
member. 
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FIG. 16A 




FIG. 16B 
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FIG. 16D 
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FIG. 16C 
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FIG. 17 
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